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THE  INSTITUTION  OF  MECILmCAL  ENGINEERS, 


glcmoranbum  of  gissociation. 

August  1878. 

Ist.  The  name  of    tho  Assooiation    ia   "  The    iNgxiTUTiON    ok 
Mkchaxical  Engixkebs." 

2nd.  Tho  Ilogifitorod  Office  of  tho  Association  will  be  situate  in 
England. 

3rd.  The  objects  for  which  tho  Association  is  established  are : — 

(a.)  To  promote  the  science  and  practice  of  Mechanical 
Engineering  and  all  branches  of  mechanical  construction, 
and  to  give  an  impulse  to  inventions  likely  to  be  useful  to  the 
Members  of  the  Institution  and  to  the  community  at  large. 

(b.)  To  enable  Mechanical  Engineers  to  meet  and 
to  correspond,  and  to  facilitate  the  interchange  of  ideas 
respecting  improvements  in  the  various  branches  of 
mechanical  science,  and  tho  publication  and  communication 
of  information  on  snch  subjects. 

(o.)  To  acquire  and  dispose  of  property  for  the  purposes 
aforesaid. 

(d.)  To  do  all  other  things  incidental  or  conducive  to 
the  attainment  of  the  above  objects  or  any  of  them. 


viii  MEMORANDUM    OF    A8800IATION.  1004. 

4th.  Tlio  incomo  and  property  of  the  ABsociatioii,  from  wliatovcr 
sonrco  deriveil,  shall  bo  applied  solely  towards  the  promotion  of 
the  objocta  of  the  Association  as  set  forth  in  this  Memorandum  of 
Association,  and  no  portion  thereof  shall  bo  paid  or  transferred 
directly  or  indirectly,  by  way  of  dividend,  bonus,  or  otherwise 
howsoever,  by  way  of  profit  to  the  persons  wlio  at  any  time  are 
or  have  been  Members  of  the  Association,  or  to  any  of  tlicra,  or 
to  any  person  claiming  through  any  of  them  :  Provided  that 
nothing  herein  contained  shall  prevent  the  payment  in  good  faith 
of  remuneration  to  any  officers  or  servants  of  the  Association,  or 
to  any  Member  of  the  Association,  or  other  person,  in  return  for 
any  services  rendered  to  tho  Association,  or  prevent  the  giving  of 
privileges  to  the  Members  of  tho  Association  in  attending  the 
meetings  of  the  Association,  or  prevent  the  borrowing  of  money 
(under  such  powers  as  the  Association  and  the  Council  thereof  may 
possess)  from  any  Member  of  the  Association,  at  a  rate  of  interest 
not  greater  than  five  per  cent,  per  annum. 

otli.  The  fourth  paragraph  of  this  Memorandum  is  a  condition 
on  wliich  a  licence  is  granted  by  the  Board  of  Trade  to  the 
Association  in  pursuance  of  Section  23  of  the  Companies  Act  1867. 
For  the  purpose  of  preventing  any  evasion  of  the  terms  of  the 
said  fourth  paragraph,  the  Board  of  Trade  may  from  time  to  time, 
on  the  application  of  any  Member  of  tho  Association,  impose  further 
conditions,  which  shall  be  duly  observed  by  tho  Association. 

Cth.  If  the  Association  act  in  contravention  of  the  fourth 
paragraph  of  this  Memorandum,  or  of  any  such  further  conditions, 
tho  liability  of  every  Member  of  the  Council  shall  be  unlimited  ; 
and  the  liability  of  every  Member  of  the  Association  who  has  received 
any  such  dividend,  boniis,  or  other  profit  as  aforesaid,  shall  likewise 
be  imlimitcd. 

7th.  Every  Member  of  the  Association  undertakes  to  contribute 
to  the  Assets  of  the  Association  in  the  event  of  the  same  being 
wound  up  during  the   time  that   he  is   a   Member,   or   within   one 
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year  afterwards,  fur  payment  of  the  tlubts  and  liabilities  of  tho 
Association  coutractod  boforo  tLo  timo  at  which  ho  coasos  to  be 
a  Miiiubor,  and  of  the  costs,  charges,  and  oxpensos  for  winding  up 
the  pamo,  and  for  the  ndjnstmont  of  the  rights  of  the  contributories 
amongst  themselves,  such  amount  as  may  bo  required  not  exceeding 
Five  Shillings,  or  in  case  of  his  liability  becoming  unlimited  such 
other  amount  as  may  be  required  in  pursuance  of  the  last  preceding 
paragraph  of  this  Memorandum. 

8th.  If  upon  the  winding  up  or  dissolution  of  the  Association 
there  remains,  after  the  satisfaction  of  all  its  debts  and  liabilities, 
any  property  whatsoever,  the  same  shall  not  be  paid  to  or  distributed 
among  the  Members  of  the  Association,  but  shall  be  given  or 
transferred  to  some  other  Institution  or  Institutions  having  objects 
similar  to  the  objects  of  the  Association,  to  be  determined  by  the 
Members  of  the  Association  at  or  before  the  time  of  dissolution  ;  or 
in  default  thereof,  by  such  Judge  of  the  High  Court  of  Justice  as  may 
have  or  acquire  jurisdiction  in  the  matter. 
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Articles  of  ^Association. 

Februaby  1898. 
(Article  23  revised  March  1902.) 

INTEODUCTION. 

Whereas  an  Association  called  "  The  Institution  of  Mechanical 
Engineers"  existed  from  1847  to  1878  for  objects  similar  to  the 
objects  expressed  in  the  Memorandum  of  Association  of  the 
Association  (hereinafter  called  "  the  Institution ")  to  which  these 
Articles  apply ; 

And  whereas  the  Institution  was  formed  in  1878  for  furthering 
and  extending  the  objects  of  the  former  Institution,  by  a  registered 
Association,  under  the  Companies  Acts  18G2  and  18G7; 

And  whereas  terms  used  in  these  Articles  are  intended  to  have 
the  same  respective  meanings  as  they  have  when  used  in  those  Acts, 
and  words  imjdying  the  singular  number  are  intended  to  include 
the  plural  number,  and  vice  versa. ; 

Now  THEREFORE  IT  18  HEREBY  AGREED  aS  folloWS  I — 

CONSTITUTION. 

1.  For  the  purpose  of  registration  the  number  of  members  of 
the  Institution  is  unlimited. 

MEMBERS,    ASSOCIATE    MEMBERS,     GRADUATES, 
ASSOCIATES,  AND  HONORARY  LIFE  MEMBERS. 

2.  The  present  Members  of  the  Institution,  and  such  other  persons 
as  shall  be  admitted  in  accordance  with  these  Articles,  and  none 
others,  shall  be  Members  of  the  Institution,  and  be  entered  on  the 
register  as  such. 


1^.  ABTIOLKS   OF   A88O0IATION.  XI 

3.  Any  person  may  become  a  Member  of  the  luBtitution  who 
shall  bo  qualified  ami  elected  as  hereinafter  mentioned,  and  shall 
agree  to  become  such  Member,  and  shall  pay  the  entrance  foe  and 
first  subscription  accordingly. 

4.  The  qualification  of  Members  shall  be  prescribed  by  the 
By-laws  from  time  to  time  in  force,  as  provided  by  the  Articles. 

6.  The  election  of  Members  shall  be  conducted  as  prescribed 
by  the  By-laws  from  time  to  time  in  force,  as  provided  by  the 
Articles. 

6.  In  addition  to  the  persons  already  admitted  as  Graduates, 
Associates,  and  Honorary  Life  Members  respectively,  the  Institution 
may  admit  such  persons  as  may  be  qualified  and  elected  in  that 
behalf  as  Associuto  Members,  (Iraduutes,  Associates,  and  Honorary 
Life  Members  respectively  of  the  Institution,  and  may  confer  upon 
them  such  privileges  as  shall  be  prescribed  by  the  By-laws  from 
time  to  time  in  force,  as  provided  by  the  Articles:  provided  that  no 
Associate  Member,  Graduate,  Associate,  or  Honorary  Life  Member 
shall  be  deemed  to  be  a  Member  within  the  meaning  of  the  Articles. 

7.  The  qualification  and  mode  of  election  of  Associate  Members, 
Graduates,  Associates,  and  Honorary  Life  Members  shall  be  prescribed 
by  the  By-laws  from  time  to  time  in  force,  as  provided  by  the 
Articles. 

8.  The  rights  and  privileges  of  every  Member,  Associate  Member, 
Graduate,  Associate,  or  Honorary  Life  Member  shall  be  personal  to 
himself,  and  shall  not  be  transferable  or  transmissible  by  his  own  act 
or  by  operation  of  law. 

ENTRANCE  FEES  AND  SUBSCRIPTIONS. 

9.  The  Entrance  Fees  and  Subscriptions  of  Members,  Associate 
Members,  Graduates,  and  Associates  shall  be  prescribed  by  the  By- 
laws from  time  to  time  in  force,  as  provided  by  the  Articles. 


AUTICLES    or    ASSOCIATION.  1904. 


EXPULSION. 


10.  If  any  Member,  Associate  Member,  Graduate,  or  Associate 
shall  leave  his  subscription  in  arrear  for  two  years,  and  shall  fail  to 
pay  such  arreiirs  within  three  montlis  after  a  written  application  has 
Ik'oii  sent  to  him  by  the  Sccrctury,  his  name  may  be  struck  off 
the  register  by  the  Couiuil  at  any  time  afterwards,  and  he  shall 
thereujK)!!  cease  to  liave  any  rights  as  a  Member,  Associate  Member, 
Graduate,  or  Associate,  but  he  shall  nevertheless  continue  liable  to 
pay  the  arrears  of  subscription  due  at  the  time  of  his  name  being 
so  struck  off:  provided  always  that  this  regulation  shall  not  be 
constnicd  to  compel  the  Council  to  remove  any  name,  if  they  shall  be 
satLsfied  the  same  ought  to  be  retained. 

11.  The  Council  may  refuse  to  continue  to  receive  the 
subscriptions  of  any  person  who  shall  have  wilfully  acted  in 
contravention  of  the  regulations  of  the  Institution,  or  who  shall 
in  the  opinion  of  the  Council  have  been  guilty  of  such  conduct 
as  shall  have  rendered  him  unfit  to  continue  to  belong  to  the 
Institution  ;  and  may  remove  his  name  from  the  register,  and  he 
shall  thereupon  cease  to  be  a  Member,  Associate  Member,  Graduate, 
or  Associate  (as  the  case  may  be)  of  the  Institution. 


GENERAL  MEETINGS. 

12.  The  General  Meetings  shall  consist  of  the  Ordinary  Meetings, 
the  Annual  General  Meeting,  and  of  Special  Meetings  as  hereinafter 
defined. 

13.  The  Annual  General  Meeting  shall  take  place  in  London  in  one 
of  the  first  four  months  of  every  year.  The  Ordinary  Meetings  shall 
take  place  at  such  times  and  places  as  the  Council  shall  determine. 

1-i.  A  Special  Meeting  may  be  convened  at  any  time  by  the 
Council,  and  shall  be  convened  by  them  whenever  a  requisition 
signed  by  twenty  Members  or  AsBociatc  Members  of  the  Inatitution, 
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8j)0cifyiug  tLo  object  of  tlio  IMeotin^,  is  left  with  the  Secretury.  If 
for  fourtet'U  Jays  after  tho  ilolivery  of  such  reciuiHitiou  a  Meotiug  bo 
not  conveuod  iu  accorJauco  therowitb,  the  Requisitionists  or  any 
twenty  Menil)er8  or  Associate  Members  of  the  Institution  may  convene 
a  Special  Meeting  iu  accordance  with  the  roijuisition.  All  Special 
Meetings  shall  bo  held  in  London. 

15.  Seven  clear  days'  notice  of  every  Meeting,  specifying  generally 
the  nature  of  any  special  business  to  be  transacted  at  any  Meeting, 
shall  bo  given  to  every  person  on  the  register  of  the  Institution,  except 
as  provided  by  Article  35,  and  no  other  special  business  shall  be 
transacted  at  such  Meeting ;  but  tho  non-receipt  of  such  notice  shall 
not  invalidate  the  proceedings  of  such  Meeting.  No  notice  of  the 
business  to  be  transacted  (other  than  such  ballot  lists  as  may  be 
requisite  in  case  of  elections)  shall  be  required  in  the  absence  of 
special  business. 

16.  Special  business  shall  include  all  business  for  transaction  at  a 
Special  Meeting,  and  all  business  for  transaction  at  every  other 
Meeting,  with  the  exception  of  the  reading  and  confirmation  of  the 
Minutes  of  the  previous  Meeting,  the  election  of  Members,  Associate 
Members,  Graduates,  and  Associates,  and  the  reading  and  discussion 
of  communications  as  prescribed  by  tho  By-laws,  or  by  any  regulations 
of  the  Council  made  in  accordance  with  the  By-laws. 

PROCEEDINGS  AT  GENERAL  MEETINGS. 

17.  Twenty  Members  or  Associate  Members  shall  constitute  a 
quorum  for  tho  purpose  of  a  Meeting  other  than  a  Special  Meeting. 
Thirty  Members  or  Associate  Members  shall  constitute  a  quorum  for 
the  purpose  of  a  Special  Mooting. 

18.  If  within  thirty  minutes  after  tho  time  fixed  for  holding  the 
Meeting  a  quorum  is  not  present,  the  Meeting  shall  be  dissolved,  and 
all  matters  which  might,  if  a  quorum  had  been  present,  have  been 
done  at  a  Meeting  (other  thiiu  a  Special  Meeting)  so  dissolved,  may 
forthwith  be  done  on  bthalf  of  the  Mooting  by  the  Council. 
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19.  Tbo  President  shall  he  Clmirmftii  at  every  Meeting,  and  in 
his  absence  one  of  the  Yice-Prcsidonts ;  and  in  tlio  absence  of  all 
Vice-Presidents  a  Member  of  Council  shall  take  the  chair ;  and  if 
no  Mtnibor  of  Council  l>o  present  and  willing  to  take  the  chair,  the 
Meeting  shall  elect  a  Chairman. 

20.  The  decision  of  a  General  Meeting  shall  be  ascertained  by 
show  of  hands,  unless,  after  the  show  of  hands,  a  poll  is  forthwith 
dcmandeil ;  and  by  a  poll,  when  a  poll  is  thus  demanded.  The 
manner  i>f  taking  a  show  of  hands  or  a  poll  shall  be  in  the 
discretion  of  the  Clminnan ;  and  an  entry  in  the  Minutes,  signed 
by  the  Chairman,  shall  bo  sufficient  evidence  of  the  decision  of 
the  General  Meeting.  Each  Member  and  Associate  Member  shall 
have  one  vote  and  no  more.  In  case  of  e(|uality  of  votes  the 
Chainuan  shall  have  a  second  or  casting  vote:  provided  that  this 
Article  shall  not  interfere  with  the  provisions  of  tho  By-laws  as  to 
election  by  ballot. 

21.  The  acceptance  or  rejection  of  votes  by  the  Chairman  shall 
be  conclusive  for  the  purpose  of  the  decision  of  tho  matter  in  respect 
of  which  the  votes  are  tendered :  provided  that  the  Chairman  may 
review  his  decision  at  the  same  Meeting,  if  any  error  be  then  pointed 
out  to  him. 


BY-LAWS. 

22.  The  By-laws  set  forth  in  the  schedule  to  these  Articleiu,  and 
such  altered  and  additional  By-laws  as  shall  be  substituted  or  added 
as  hereinafter  mentioned,  shall  regulate  all  matters  by  the  Articles 
left  to  bo  prescribed  by  the  By-laws,  and  all  matters  which 
consistently  with  the  Articles  shall  be  made  the  subject  of  By-laws. 
Alterations  in,  and  additions  to,  the  By-laws,  may  be  made  only  by 
resolution  of  the  Members  and  Associate  Members  at  an  Annual 
General  Meeting,  after  notice  of  the  proposed  alteration  or  addition 
has  been  announced  at  the  previous  Ordinary  Meeting,  and  not 
otherwise. 
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COUNCIL. 

23.  Tbo  Council  of  tlio  Institution  sliall  bo  chosen  from  tbo 
Members  only,  and  sball  consist  of  ono  President,  six  Vice- 
Presidents,  twenty-one  ordinary  Members  of  Council,  and  of  tbe  Past- 
Presidents.  Tbo  President,  two  Vice-Presidents,  and  seven  Members 
of  Council  (otbor  tban  Past-Presidents),  sball  retire  at  eacb  Annual 
General  Meeting,  but  sball  be  eligible  for  re-election.  Tbe  Vice- 
Presidents  and  Members  of  Council  to  retire  eacb  year  sball, 
unless  tbe  Council  agree  otberwiso  among  tbemselves,  be  cbosen 
from  those  who  have  been  longest  in  office,  and  in  cases  of  equal 
seniority  shall  be  determined  by  ballot. 

24.  The  election  of  a  President,  Vice-Presidents,  and  Members 
of  Council,  to  supply  the  place  of  those  retiring  at  the  Annual 
General  Meeting,  sball  be  conducted  in  such  manner  as  shall  be 
prescribed  by  the  By-laws  from  time  to  time  in  force,  as  provided 
by  the  Articles. 

25.  Tbe  Council  may  supply  any  casual  vacancy  in  the  Council 
(including  any  casual  vacancy  in  tbe  office  of  President)  which  shall 
occur  between  one  Annual  General  Meeting  and  another ;  and  tbe 
President,  Vice-Presidents,  or  Members  of  Council  so  appointed  by 
the  Council  shall  retire  at  tbe  succeeding  Annual  General  Meeting. 
Vacancies  not  filled  up  at  any  such  Meeting  sball  be  deemed  to  be 
casual  vacancies  within  the  meaning  of  this  Article. 


OFFICERS. 

26.  The  Treasurer,  Secretary,  and  other  employes  of  the 
Institution  sball  be  appointed  and  removed  in  the  manner  prescribed 
by  tbe  By-laws  from  time  to  time  in  force,  as  provided  by  the 
Articles.  Subject  to  the  express  provisions  of  tbe  By-laws,  the 
officers  and  servants  of  the  Institution  shall  bo  appointed  and 
removed  by  the  Council. 
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27.  The  powors  aud  duties  of  tlio  officers  of  the  lustitution  shall, 
subject  to  any  express  provision  in  the  By-laws,  be  determined  by 
the  Council. 


POWERS  AND  PROCEDURE  OF  COUNCIL. 

28.  The  Council  may  regulate  their  own  procedure,  and  delegate 
any  of  their  powers  and  discretions  to  any  one  or  more  of  their  body, 
and  may  determine  thcii*  own  quorum :  if  no  other  number  is 
prescribed,  three  members  of  Council  shall  form  a  quorum. 

29.  The  Council  shall  manage  the  property,  proceedings,  and 
affairs  of  the  lustitution,  in  accordance  with  the  By-laws  from  time 
to  time  in  force. 

30.  The  Treasurer  may,  with  the  consent  of  the  Council,  invest 
in  the  name  of  the  Institution  any  moneys  not  immediately  required 
for  the  purposes  of  the  Institution  in  or  upon  any  of  the  following 
investments  (that  is  to  say) : — 

(a)  The  Public  Funds,  or  Government  Stocks  of  the  United 

Kingdom,  or  of  any  Foreign  or  Colonial  Government 
guaranteed  by  the  Government  of  the  United  Kingdom. 

(b)  Real  or  Leasehold  Securities,  or  in  the  purchase  of  real 

or  leasehold  properties  in  Great  Britain  or  Ireland. 

(c)  Debentures,  Debenture  Stock,  or  Guaranteed  or  Preference 

Stock,  of  any  Company  incorporated  by  special  Act  of 
Parliament,  the  ordinary  Shareholders  whereof  shall  at 
the  time  of  such  investment  be  in  actual  receipt  of  half- 
yearly  or  yearly  dividends. 

(d)  St(jcl;s,  Shares,  Debentures,  or  Debenture  Stock  of  any 
Railway,  Canal,  or  other  Company,  the  undertaking 
whjiruof  is  leased  to  any  Railway  Company  at  a  fixed 
or  fixed  minimum  rent. 
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(e)  Stocks,  Shares,  or  Dobonturos  of  any  East  Indian  Railway 

or  other  Company,  which  shall  receive  a  contribution 
firom  His  Majesty's  East  Indian  Government  of  a  fixed 
annual  percentage  on  their  capital,  or  be  guaranteed  a 
fixed  annual  dividend  by  the  same  Government. 

(f)  The   security  of    rates    levied    by   any  corporate   body 

empowered  to  borrow  money  on  the  security  of  rates, 
where  such  borromng  has  been  duly  authorised  by 
Act  of  Parliament. 

31.  The  Council  may,  with  the  authority  of  a  resolution  of  the 
Members  and  Associate  Members  in  General  Meeting,  borrow  moneys 
for  the  purposes  of  the  Institution  on  the  security  of  the  property  of 
the  Institution,  or  otherwise  at  their  discretion. 

32.  No  act  done  by  the  Council,  whether  ultra  vires  or  not, 
which  shall  receive  the  express  or  implied  sanction  of  the  Members 
and  Associate  Members  in  General  Meeting,  shall  be  afterwards 
impeached  by  any  member  of  the  Institution  on  any  ground 
whatsoever,  but  shall  be  deemed  to  be  an  act  of  the  Institution. 


NOTICES. 

33.  A  notice  may  be  served  by  the  Coimcil  upon  any  Member, 
Associate  Member,  Graduate,  Associate,  or  Honorary  Life  Member, 
either  personally  or  by  sending  it  through  the  post  in  a  prepaid  letter 
addressed  to  him  at  his  registered  place  of  abode. 

34.  Any  notice,  if  served  by  post,  shall  be  deemed  to  have  been 
served  at  the  time  when  the  letter  containing. the  same  would  be 
delivered  in  the  ordinary  course  of  the  post;  and  in  proving  such 
service  it  shall  be  sufficient  to  prove  that  the  letter  containing  the 
notice  was  properly  addressed  and  put  into  the  post  office. 
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35.  No  Mcml)or,  Associate  Member,  Graduate,  Associate,  or 
Honorary  Life  Member,  not  Laving  a  registered  address  >ntbin  tbo 
United  Kingdom,  sball  be  entitled  to  any  notice ;  and  all  proceedings 
may  be  had  and  taken  without  notice  to  such  member,  in  the  same 
manner  as  if  ho  had  had  due  notice. 


1M4.  UY-LAW8.  XIX 

(La*t  Bevislon,  February  1894.) 

MEMBERSHIP. 

1.  Candidates  for  admission  as  Members  must  bo  persons  nc)t 
under  twenty-five  years  of  age,  who,  Laving  occupied  during  a 
suflficient  period  a  responsible  position  in  connection  witli  tbe  practice 
or  science  of  Engineering,  may  be  considered  by  tbo  Council  to  be 
qualified  for  election. 

2.  Candidates  for  admission  as  Associate  Members  must  be 
persons  not  under  twenty-five  years  of  age,  who,  being  engaged  in 
such  work  as  is  connected  with  the  practice  or  science  of  Engineering, 
may  be  considered  by  the  Council  to  be  qualified  for  election,  though 
not  yet  to  occupy  positions  of  sufficient  responsibility,  or  otherwise 
not  yet  to  be  eligible,  for  admission  as  Members.  They  may 
afterwards  be  transferred  at  the  discretion  of  the  Council  to  the  class 
of  Members. 

3.  Candidates  for  admission  as  Graduates  must  be  persons 
holding  subordinate  situations,  and  not  under  eighteen  years  of  age. 
They  must  furnish  evidence  of  training  in  the  principles  as  well  as 
in  the  practice  of  Engineering.  Before  attaining  the  age  of  twenty- 
six  years,  those  elected  after  1892  must  apply  for  election  as 
Members,  Associate  Members,  or  Associates,  if  they  desire  to  remain 
connected  with  the  Institution ;  they  may  not  continue  Graduates 
after  attaining  the  age  of  twenty-six. 

4.  Candidates  for  admission  as  Associates  must  be  persons  not 
under  twenty-five  years  of  age,  who  from  their  scientific  attainments 
or  position  in  society  may  be  considered  eligible  by  the  Council. 
They  may  afterwards  be  transferred  at  the  discretion  of  the  Council 
to  the  class  of  Associate  Members  or  of  Members. 

5.  The  Council  shall  have  the  power  to  nominate  as  Honorary 
Life  Members  persons  of  eminent  scientific  acquirements,  who  iu 
their  opinion  are  eligible  for  that  position. 
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6.  Tho  Members,  Associuto  Members,  Graduates,  Associates,  and 
Honorary  Life  Members  shall  have  notice  of  and  the  privilege  to 
attend  all  Meetings;  but  Members  and  Associate  Members  only 
sball  bo  entitled  to  vote  thereat. 

7.  Tho  abbreviated  distinctive  Titles  for  indicating  tho  connection 
with  tho  Institution  of  Members,  Associate  Members,  Graduates, 
Associate?!,  or  Honorary  Life  Members  thereof,  shall  be  tho 
following : — for  Members,  M.  I.  Mcch.  E. ;  for  Associate  Members, 
A.  M.  I.  Mcch.  E. ;  for  Gi'aduates,  G.  I.  Mech.  E. ;  for  Associates, 
A.  I.  Mech.  E. ;  for  Honorary  Life  Members,  Hon.  M.  I.  Mech.  E. 

8.  Subject  to  such  regulations  as  the  Council  may  from  time  to 
time  prescribe,  any  Member,  Associate  Member,  or  Associate  may 
upon  application  to  the  Secretary  obtain  a  Certificate  of  his 
membership  or  other  connection  with  the  Institution.  Every  such 
certificate  shall  remain  the  property  of,  and  shall  on  demand  be 
returned  to,  the  Institution. 

ENTRANCE  FEES  AND  SUBSCRIPTIONS. 

9.  Each  Member  shall  pay  an  Annual  Subscription  of  £3,  and 
on  election  an  Entrance  Fee  of  £2. 

10.  Each  Associate  Member  shall  pay  an  Annual  Subscription  of 
£2  10«.,  and  on  election  an  Entrance  Fee  of  £1.  If  afterwards 
transferred  by  the  Council  to  tho  class  of  Members,  he  shall  pay  on 
transference  10«,  additional  subscription  for  the  current  year,  and  £1 
additional  entrance  fee. 

11.  Each  Graduate  shall  pay  an  Annual  Subscription  of  £1  10s., 
but  no  Entrance  Fee.  Any  Graduate  elected  prior  to  1893,  if 
transferred  by  the  Council  to  the  class  of  Associate  Members,  shall 
pay  on  transference  £1  additional  subscription  for  tho  current  year, 
but  no  additional  entrance  fee ;  if  transferred  direct  to  the  class  of 
Members,  ho  shall  jmy  on  transference  £1  lOs.  additional  subscription 
for  the  current  year,  and  £1  additional  entrance  fee. 
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12.  E;icli  Associiito  shall  pay  an  Animal  SubKciiption  of  £2  10«., 
and  on  election  an  Entrance  Feo  of  JCl.  If  afterwards  transferred 
by  the  Council  to  the  class  of  Associate  Moiul>er8,  ho  shall  pay  on 
transference  no  additional  subscription  or  entrance  foe.  If  transferred 
direct  to  the  class  of  jMenibors,  he  shall  pay  on  transference  10«. 
additional  subscription  for  the  current  year,  and  £1  additional 
entrance  fee ;  except  Associates  elected  prior  to  1893,  who  shall  pay 
no  additional  entrance  fee  on  transference. 

13.  All  subscriptions  shall  be  payable  in  advance,  and  shall 
become  due  on  the  1st  day  of  January  in  each  year ;  and  the  first 
subscription  of  Members,  Associate  Members,  Graduates,  and 
Associates,  shall  date  from  the  1st  day  of  January  in  the  year  of 
their  election. 

14.  In  the  case  of  Members,  Associate  Members,  Graduates,  or 
Associates,  elected  in  the  last  three  months  of  any  year,  the  first 
subscription  shall  cover  both  the  year  of  election  and  the  succeeding 
year. 

15.  Any  Member,  Associate  Member,  or  Associate,  whoso 
subscription  is  not  in  arrear,  may  at  any  time  compound  for  his 
subscrijition  for  the  current  and  all  future  years  by  the  payment  of 
Fifty  Pounds,  if  paid  in  any  one  of  the  first  five  years  of  his 
membership.  If  paid  subsequently,  the  sum  of  Fifty  Pounds  shall 
be  reduced  by  One  Pound  per  annum  for  every  year  of  membership 
after  five  years.  All  compositions  shall  be  deemed  to  be  capital 
moneys  of  the  Institution. 

16.  The  Council  may  at  their  discretion  reduce  or  remit  the 
annual  subscription,  or  the  arrears  of  annual  subscription,  of  any 
Member  or  Associate  Member  who  shall  have  been  a  subscribing 
member  of  the  Institution  for  twenty  yeai-s,  and  shall  have  become 
unable  to  continue  the  annual  subscription  provided  by  these 
By-laws. 

17.  No  Proceedings  or  Ballot  Lists  or  Certificates  shall  be  sent  to 
Members,  Associate  Members,  Graduates,  or  Associates,  who  are  in 
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arrear  with  their  subscriptions  more  than  twelve  months,  and  whose 
subscriptions  have  not  been  remitted  by  tho  Council  as  hereinbefore 
provided. 

ELECTION  OF  MEMBERS,  ASSOCIATE  MEMBERS, 
GRADUATES,  AND  ASSOCIATES. 

IS.  A  recommendation  for  admission  according  to  Form  A  or  B 
in  the  Appendix  shall  bo  forwarded  to  the  Secretary,  and  by  him  be 
laid  before  the  next  Meeting  of  the  Council.  The  recommendation 
must  be  signed  by  not  less  than  five  Members  or  Associate  Members 
if  the  aiiiilicatiou  be  for  admission  as  a  Member  or  Associate  Member 
or2 Associate,  and  by  three  Members  or  Associate  Members  if  it  be 
for  a  Graduate. 

19.  All  elections  shall  take  place  by  ballot,  four-fifths  of  the 
votes  given  being  necessary  for  election. 

20.  All  applications  for  admission  shall  be  communicated  by 
the  Secretary  to  the  Council  for  their  approval  previous  to  being 
inserted  in  the  ballot  list  for  election,  and  the  approved  ballot  list 
shall  be  signed  by  the  President  and  forwarded  to  the  Members 
and  Associate  Members.  The  name  of  any  Candidate  approved  by 
the  Council  for  admission  as  an  Associate  Member  or  an  Associate 
shall  not  be  inserted  in  the  ballot  list  until  he  has  signed  the  Form  C 
in  the  Appendix.  The  ballot  list  shall  sjiecify  the  name, 
occupation,  and  address  of  the  Candidates,  and  also  by  whom 
]»roposed  and  seconded.  The  lists  shall  be  opened  only  in  the 
presence  of  the  Coimcil  on  the  day  of  election,  by  a  Committee  to  bo 
appointed  for  that  purpose. 

21.  Tho  Elections  shall  take  jilacc  at  the  General  Meetings  only. 

22.  When  tho  proposed  Candidate  is  elected,  the  Secretary  shall 
give  him  notice  thereof  according  to  Form  D ;  but  his  name  shall 
not  be  added  to  the  register  of  the  Institution  until  he  shall  have 
paid  hifl  Entrance  Fee  and  first  Annual  Subscription,  and  signed  the 
Form  E  in  the  Ai)i>endix. 
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23.  In  caso  of  nou-olection,  no  mention  thereof  sliall  bo  maJo  in 
tlic  Minutes,  nor  any  notice  given  to  the  unsuccessful  Candidate. 

24.  An  Associate  Member  desirous  of  being  transferred  to  the 
class  of  Members,  or  an  Associate  to  the  class  of  Associate  Members 
or  of  Members,  shall  forward  to  the  Secretary  a  recommendation 
according  to  Form  F  in  the  Appendix,  signed  by  not  less  than  five 
Members  or  Associate  Members,  which  shall  be  laid  before  the  next 
meeting  of  Council  for  their  approval.  On  their  approval  being 
given,  the  Secretary  shall  notify  the  same  to  the  Candidate  according 
to  Form  G  ;  but  his  name  shall  not  be  added  to  the  list  of  Members 
or  Associate  Members  until  he  shall  have  signed  the  Form  H,  and 
shall  have  paid  the  additional  entrance  fee  (if  any),  and  the  additional 
subscription  (if  any)  for  the  current  year. 


ELECTION  OF  PKESIDEXT,  VICE-PEESIDENTS, 
AND  MEMBEKS  OF  COUNCIL. 

25.  Candidates  shall  be  put  in  nomination  at  the  General 
Meeting  preceding  the  Annual  General  Meeting,  when  the  Coimcil 
are  to  present  a  list  of  their  retiring  Members  Mho  offer  themselves 
for  re-election ;  any  Member  or  Associate  Member  shall  then  be 
entitled  to  add  to  the  list  of  Candidates.  The  ballot  list  of  the 
proposed  names  shall  be  forwarded  to  the  Members  and  Associate 
Members.  The  ballot  lists  shall  be  opened  only  in  the  presence  of 
the  Council  on  the  day  of  election,  by  a  Committee  to  be  appointed 
for  that  purpose. 


APPOINTMENT  AND  DUTIES  OF  OFFICERS. 

26.  The  Treasurer  shall  be  a  Banker,  and  shall  hold  the 
uninvested  funds  of  the  Institution,  except  the  moneys  in  the  hands 
of  the  Secretary  for  current  expenses.  He  shall  be  appointed  by 
the  Members  and  Associate  Members  at  a  General  or  Special  Meeting, 
and  shall  hold  office  at  the  pleasure  of  the  Council. 
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27.  The  Secretary  of  the  Iiistitution  shall  be  appoiutcd,  as  and 
when  a  vacancy  occurs,  by  the  Members  and  Aseociato  Members 
at  a  General  or  Special  Meeting,  and  shall  bo  removable  by  the 
Council  upon  six  months'  notice  from  any  day.  The  Secretary 
shall  give  the  same  notice.  The  Secretary  shall  devote  the  Avhole 
of  his  time  to  the  work  of  the  Institution,  and  shall  not  engage  in 
any  other  business  or  profession. 

28.  It  shall  bo  tho  duty  of  tho  Secretary,  under  the  direction 
of  the  Council,  to  conduct  the  correspondence  of  the  Institution  ; 
to  attend  all  meetings  of  the  Institution,  and  of  the  Council,  and  of 
Committees ;  to  take  minutes  of  the  proceedings  of  such  meetings ; 
to  read  the  minutes  of  the  preceding  meetings,  and  all  communications 
that  he  may  bo  ordered  to  read ;  to  superintend  the  publication  of 
such  papers  as  the  Council  may  dii-ect ;  to  have  the  charge  of  the 
library;  to  direct  the  collection  of  the  subscriptions,  and  the 
preparation  of  the  account  of  expenditure  of  the  funds;  and  to 
present  all  accounts  to  the  Council  for  inspection  and  approval.  He 
shall  also  engage  (subject  to  the  approval  of  the  Council)  and  be 
responsible  for  all  persons  employed  under  him,  and  sot  them  their 
portions  of  work  and  duties.  He  shall  conduct  the  ordinary  business 
of  the  Institution,  in  accordance  with  the  Articles  and  By-laws  and 
the  directions  of  the  President  and  Council ;  and  shall  refer  to  the 
President  in  any  matters  of  difficulty  or  importance,  requiring 
immediate  decision. 


MISCELLANEOUS. 

29.  All  Papers  shall  be  submitted  to  the  Council  for  approval, 
and  after  their  approval  shall  be  read  by  the  Secretary  at  the 
General  Meetings,  or  by  the  Author  with  the  consent  of  tho 
Council  ;  or,  if  so  directed  by  tho  Council,  shall  be  printed  in  the 
Proceedings  -n-ithout  having  been  read  at  a  General  Meeting. 

30.  All  books,  drav-ings,  communications,  &c.,  shall  be  accessible 
to  the  members  of  the  Institution  at  all  reasonable  times. 
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31.  All  communicAtions  to  the  ^lootings  shall  bo  tlio  property 
of  tho  Institution,  and  bo  published  only  by  the  outhority  of  the 
Council. 

32.  None  of  tho  property  of  tho  Institution — books,  drawings, 
Ac. — shall  bo  taken  out  of  tho  promises  of  tho  Institution  without 
the  consent  of  the  Council. 

33.  All  donations  to  the  Institution  shall  be  enumerated  in  the 
Annual  Report  of  tho  Council  presented  to  the  Annual  General 
Meeting. 

3-4.  The  General  Meetings  shall  be  conducted  as  far  as 
practicable  in  the  following  order: — 

1st.  The  Chair  to  be  taken  at  such  hour  as  the  Council 
may  direct  from  time  to  time. 

2nd.  The  Minutes  of  the  previous  Meeting  to  be  read  by 
the  Secretary,  and,  after  being  approved  as  correct,  to 
bo  sigued  by  tho  Chairman. 

3rd.  The  Ballot  Lists,  previously  opened  by  tho  Council, 
to  be  presented  to  the  Meeting,  and  the  new  Members, 
Associate  Members,  Graduates,  and  Associates  elected 
to  be  announced. 

4th.  Papers  approved  by  the  Council  to  be  read  by  the 
Secretary,  or  by  the  Author  with  the  consent  of  the 
Council. 

35.  Each  Member  or  Associate  Member  shall  have  the  privilege 
of  introducing  one  friend  to  any  of  the  Meetings ;  but,  during  such 
portion  of  any  meeting  as  may  be  devoted  to  any  business  connected 
with  the  management  of  the  Institution,  visitors  shall  be  requested 
by  the  Chairman  to  withdraw,  if  any  Member  or  Associate  Member 
asks  that  this  shall  be  done. 
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36.  Every  Member,  Associate  Member,  Graduate,  Associate,  or 
Visitor,  shall  write  Lis  name  aud  residence  in  a  book  to  be  kept 
for  the  purpose,  on  entering  eacb  Meeting. 

37.  The  Trcsideut  sball  ex  officio  be  member  of  all  Committees 
tif  Council. 

38.  Seven  clear  days'  notice  at  least  sball  be  given  of  every 
meeting  of  the  Council.  Such  notice  sball  specify  generally  tbe 
business  to  bo  transacted  by  tbe  mooting.  No  business  involving 
the  expenditure  of  tbe  funds  of  tbe  Institution  (except  by  way  of 
payment  of  current  salaries  aud  accounts)  sball  be  transacted  at 
any  Council  meeting  unless  specified  in  tbe  notice  convening  the 
meeting. 

39.  Tbe  Council  sball  present  tbe  yearly  accounts  to  tbe  Annua 
General  Meeting,  after  being  audited  by  a  professional  accountant, 
who  sball  be  appointed   annually  by  tbe  Members  and  Associate 
Members  at  a  General  or  a  Special  Meeting,  at  a  remuneration  to  be 
then  fixed  by  tbe  Members  and  Associate  Members. 

40.  Any  member  -wisbing  to  have  a  copy  of  tbe  Papers  sent  to 
him  for  consideration  beforeband  can  do  so  by  sending  in  bis  name 
once  in  eacb  year  to  tbe  Secretary ;  and  a  copy  of  all  Papers  sball 
then  be  forwarded  to  bim  as  early  as  possible  prior  to  tbe  date  of  tbe 
Meeting  at  wbicb  tbcy  are  intended  to  be  read. 

41.  At  any  Meeting  of  tbe  Institution  any  member  sball  be  at 
liberty  to  re-open  tbe  discussion  upon  any  Paper  which  has  been 
read  or  discussed  at  the  preceding  Meeting ;  provided  that  he 
signifies  his  intention  to  the  Secretary  at  least  one  month  previously 
to  the  Meeting,  and  that  the  Council  decide  to  include  it  in  the 
notice  of  the  Meeting  as  part  of  the  business  to  be  transacted. 
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APPENDIX. 


FORM  A. 

"Mr.  being  years  of  age,  and  desirous  of  admission 

into  The  Institution  of  Mechanical  Engineers,  we,  the  undersigned  proposer 
and  seconder  from  our  personal  knowledge,  and  the  three  other  signers  from 
trustworthy  information,  propose  and  recommend  him  as  a  proper  person  to 
belong  to  the  Institution. 

Witness  our  hands,  this  day  of 

Members  or  Associate  Members. 


FOEM  B. 

Mr.  born  on  being  desirous 

of   admission  into    The    Institution    of    Mechanical    Engineers,   we,    the 
undersigned   proposer  and    seconder    from    our    personal    knowledge,    and 
the   other  signer   or   signers    from   trustworthy   information,   propose   and 
recommend  him  as  a  proper  person  to  become  a  Graduate  thereof. 
Witness  our  hands,  this  day  of 

Members  or  Associate  Members. 

FOEM  C. 

If  elected  an  of  The  Institution  of  Mechanical  Engineers, 

I,  the  undersigned,  do  hereby  engage  to  ratify  my  election  by  signing  the 
form  of  agreement  (E)  and  paying  the  Entrance  Fee  and  Annual  Subscription 
in  conformity  with  the  By-laws. 

Witness  my  hand,  this  day  of 


FOEM  D. 

Sir, — I  have  to  inform  you  that  on  the  you 

were  elected  a  of  The  Institution  of  Mechanical  Engineers. 

For  the  ratification  of  your  election  in  conformity  with  the  rules,  it  is 
requisite  that  the  enclosed  form  be  returned  to  me  with  your  signature,  and 
that  your  Entrance  Fee  and  first  Annual  Subscription  be  paid,  tlie  amounts 
of  which  are  and  respectively.     If  these  be  not  received 

within  two  months  from  the  present  date,  the  election  will  become  void. 

I  am.  Sir,  Your  obedient  servant. 

Secretary. 
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FORM  E. 

I,  the  undersi.rned,  being  eloctod  a  of  The 

Institution  of  Mechanical  Engineers,  do  hereby  agree  tliat  I  will  bo  governed 
by  the  regulations  of  the  said  Institution,  as  they  are  now  formed  or  as 
they  may  hereafter  be  altered ;  that  I  will  advance  the  objects  of  the 
Institution  lU!  far  as  shall  bo  in  my  power,  and  will  attend  the  Meetings 
thereof  as  oftin  as  I  conveniently  can :  jirovidcd  that,  whenever  I  shall 
signify  in  writing  to  the  Secretary  that  I  am  desirous  of  withdrawing  from 
the  Institution,  I  sliall  (after  the  payment  of  any  arrears  which  may  be  duo 
by  me  at  that  period)  be  free  from  this  obligation.  ^ 

Witness  my  hand,  this  day  of 

FOKM  F. 
Mr.  being  years  of  age,  and  desirous  of  being 

transferred  into  the  class  of  of  The  Institution  of 

Mechanical   Engineers,  we,  the  undersigned,  from  our  personal  knowledge 
recommend  him  as  a  proper  person  to  be  so  transferred  by  the  Council. 
Witness  our  hands,  this  day  of 

Members  or  Associate  Members. 

FORM  G. 

Sir, — I  have  to  inform  you  that  the  Council  have  approved  of  your  being 
transferred  to  the  class  of  of  The  Institution  of  Mechanical 

Engineers.     For  the  ratification  of  your  transference  in  conformity  with  the 
rules,  it  is  requisite   that  the  enclosed  fonn  be  returned  to  me  with  your 
signature,  and  that  your  additional  Entrance   Fee  and  additional  Annual 
Subscription  for  the  current  year  be  j^aid,  the  amounts  of  which  are 
and  respectively.     If  these  be  not  received  within  two  months 

from  the  present  date,  the  transference  will  become  void. 

I  am,  Sir,  Your  obedient  servant, 

Secretary. 
FORM  H. 

I,  the  undersigned,  having  been  transferred  to  the  class  of  of  The 

Institution  of  Mechanical  Engineers,  do  hereby  agree  that  I  will  be  governed 
by  the  regulations  of  the  said  Institution,  as  they  now  exist,  or  as  they 
may  hereafter  be  altered  ;  that  I  will  advance  the  objects  of  the  Institution 
as  far  as  shall  be  in  my  power,  and  will  attend  the  Meetings  thereof  as  often 
as  I  conveniently  can  :  provided  that,  whenever  I  shall  sijinify  in  writing  to 
the  Secretary  that  I  am  desirous  of  withdrawing  from  tiie  Institution,  I  shall 
(after  the  jjayment  of  any  arrears  which  may  be  due  by  me  at  that  period) 
be  free  from  this  obligation. 

Witness  my  hand,  this  ,    day  of 


15  Jan.  190-1. 
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PROCEEDINGS. 


15th  January  190J. 


An  Ordinary  General  Meeting  was  held  at  the  Institution  on 
Friday,  15th  January  1904,  at  Eight  o'clock  p.m. ;  J.  Hartley 
WiCKSTEED,  Esq.,  President,  in  the  chair. 

The  Minutes  of  the  previous  Meeting  were  read  and  confirmed. 


The  President  announced  that,  in  accordance  with  the  Rules  of 
the  Institution,  the  President,  two  Vice-Presidents,  and  seven 
Members  of  Council,  would  retire  at  the  ensuing  Annual  General 
Meeting ;  and  the  list  of  those  retiring  was  as  follows  : — 


PRESIDENT. 


VICE-PRESIDENTS. 


J.  Hartley  Wicksteed,  . 

Edward  B.  Ellington, 
T.  Hurry  Eiches,  . 


MEMBERS    OF    COUNCIL. 

Sir   Benjamin  Baker,  K.C.B.,  K.C.M.G.,  LL.D 

D.Sc,  F.R.S., 

Sir  J.  Wolfe  Barry,  K.C.B.,  LL.D.,  F.R.S., 
Henry  Chapman,    ..... 
Edward  Hopkinson,  D.Sc, 
Henry  A.  Ivatt,     ..... 
Henry  D.  Marshall,       .... 
Sir  John  I.  Thobnycroft,  LL.D.,  F.E.S.,    . 


Leeds. 

London. 
CardiflF. 


London. 

London. 

Loudon. 

Manchester. 

Doncastcr. 

Gainsborough. 

London. 

0 


XOMIKATION    OF    COnNOIL. 


1 J  Jan.  lOO-f. 


All  the  foregoing  had  ()fl*erctl  themselves  for  rc-olection,  and  liail 
been  nominated  by  tlio  Council. 

The  following  Nominations  liml   also  been  made  by  the  Council 
* 
for  the  election  at  tho  Annual  General  Meeting: — 

EKx'tion  n.i  members   of   COUNCIL. 

Meuibir. 

1877.    Lt.-Coloncl  R.  E.  B.  Crompton,  CC,       .     Chelmsford. 

1888.     James  Rowan,      .....     Glasgow. 

1898.     Hay  F.  Donaldson,       ....     Woolwich. 

All  of  the  above  had  consented  to  the  Nomination. 

The  Pbesidknt  reminded  tlie  Meeting  that,  according  to  the 
Rules  of  the  Institution,  any  Member  or  Associate  Member  was  then 
entitled  to  add  to  the  list  of  candidates. 

No  other  names  being  added,  the  President  announced  that  the 
foregoing  names  would  accordingly  constitute  the  nomination  list  for 
the  Election  of  Ofl&cers  at  the  Annual  General  Meeting. 


The  PuESiDEXT  announced  that  the  Ballot  Lists  for  the  election 
of  New  Members  had  been  opened  by  a  Committee  of  the  Council, 
and  tliat  the  f<dlowing  forty-three  candidates  were  found  to  be  duly 
elected  : — 

members. 


CoATES,  Alfred, 
DA^^Es,  Sidney, 
Grange,  Robert  Burks,  . 
Read,  Henry  George, 
Wallis,  George  Pearson, 


Darlington. 
Luton. 
Sydney. 

Kharkov,  Russia. 
Leeds. 


ASSOCIATE    MEMBERS. 


Allan,  Alexander  Buchanan, 
Bi.vG,  Herbert, 
Broughton,  Freeman, 
Butler,  George  Henrv,  . 


Ipswich. 
London. 
Manchester, 
Bristol. 


15  Jax.  1904. 


ELECTION   or   NEW    MEMBBBS. 


CoDUTs,  William  Chables, 
Cl'nningham,  Philips  Daves  Glexdoweb, 
Dalton,  William  Thomas, 
DauBY,  IIenby  William  Collin* 
FuBNESs,  Heqinald  Lesteu, 
IIauuis,  Stephes  Edwabd, 
Hollows,  Aktiiuu,  . 

HUMPHBBT,  FbEDEKIO£  GeOBGE, 
JOBDAN,  AlBEBT  EdWARD, 

Kebb,  William  Scott, 

Langlet,  Geobge,  . 

McCallum,  Edwabd  Alfbed, 

ilcLEAx,  Alexandeb  Malkeb, 

Napieh,  Fhedeuick  Disney, 

Nichols,  Henby  John, 

Oliveb,  Abthcb  Richabd, 

Pabsons,  Thomas  George, 

Eeay,  Edwabd, 

BoBus,  Geobge  Henby,     . 

Rosenthal,  Fbedebick  Michael  Babbanel, 

Shoolbbed,  Andbew  Keid, 

Tubneb,  William  Wallace, 

Wallace,  Cecil  Pebcy,    . 

Watts,  William  John  Thomas, 


Muncb  ester. 

MancbcBtcr. 

Newcastlo-on-Tyuc. 

Doucaster. 

Salisbury,  IlboJusia. 

Dublin. 

Nortbwicb. 

Sevcnoaks. 

Port  Louis,  Mauritius. 

London. 

Bedford. 

Baku. 

Mancbester. 

London. 

London. 

Purfleet. 

Dundee. 

Baku. 

Loudon. 

Gravesend. 

London. 

Sydney. 

London. 

London. 


GBADDATE8. 


Feeny,  Cybil  Joseph, 
Fletcher,  Donald  Cobbet, 
Habbis,  Albebt  Edwabd, 
Kendall,  Alfbed  Habold, 
Manisty,  Henby  Scott, 
Priestley,  Albert, 

PUDSEY,  FaWCETT,    . 

Tuorne,  Leonard,  . 
TucBSTON,  Albebt  Peteb 
Wabbbook,  Fbedebick  George, 


London. 

Doucaster. 

London. 

Great  Yarmoutb. 

Loudon. 

Halifax. 

Hull. 

London. 

London. 

Sbeffield. 


c  2 


4  TRANSFERENCES.  15  Jan.  1904. 

Tho  President  onnouncod  that  tho  following  tlireo  Transferences 
Lad  been  made  by  the  Council  since  tlie  last  Meeting:  — 

Associate  Members  to  Mevibers. 

Begbie,  Sydney  Dawson,    ....     Loudon. 
Hardcastle,  Edward,        ....     Bradford. 

Associate  to  Associate  Member. 
Whitehead,  Richard  David,      .  .         .     Derby. 


The  following  Paper  was  read  and  partly  discussed : — 

"  Sixth  Ecport  to  the  Alloys  Eesearch  Committee  :  on  the  Heat 
Treatment  of  Steel  "  ;  by  the  late  Sir  William  C.  Roberts- 
Austen,  K.C.B.,  D.C.L.,  D.Sc,  ¥. U.S.,  Honoranj  Member ; 
completed  by  Professor  William  Gowland,  3Iember  of  the 
Committee. 


The    Meeting    terminated    shortly  before    Ten    o'clock.      The 
attendance  was  135  Members  and  93  Visitors. 


?9  Jaan.  1901. 


PROCEEDINGS. 


29th  Januaky  1904. 


An  ExTUA  Meeting  was  held  at  the  Institution  on  Friday,  29th 
January  1904,  at  Eight  o'clock  p.m. ;  T.  Hurry  Riches,  Esq.,  Vice- 
President,  in  the  chair. 

The  Minutes  of  the  previous  Meeting  were  read  and  confirmed. 

The  Discussion  on  the  Sixth  Keport  to  the  Alloys  Research 
Committee  on  "  The  Heat  Treatment  of  Steel "  was  resumed  and 
further  adjourned. 


The  Meeting  terminated  at   Ten  o'clock.      The  attendance  was 
78  Members  and  40  Vifiitors. 


•Ta.n.  1901. 


SIXTH   REPORT*    TO   THE 

ALLOYS   RESEAHCII   COMMITTEE: 

ON   THE   HEAT   TREATMENT   OF   STEEL 

(Ry  TTiE  LATE  SiR  WILLIAM  C.  RORERTS- AITSTKN',  K.C.B..  D.C.L..  D.Sc, 
F.U.S.,  Jlmtontri/  Miiiiher; 

Completed  by  Puofessor  WILLIAM  GOWLAND,  Member  of  the  Commitlee. 


Prefatorij  note  hy  Professor  Goiclanil. — On  the  death  of  my  old 
friend,  the  late  Professor  Sir  AVilliam  C.  Roberts-Austen,  I  undertook 
to  complete,  if  necessary,  for  the  Alloys  Research  Committee  of  the 
Institution,  this  Sixth  Report  on  which  he  had  been  engaged  for 
several  years  and  the  exi)erimental  work  of  which  had  been  almost 
completed. 

Ill-health  and  pressing  official  duties  had  long  before  his  death 
prevented  him  from  devoting  as  much  lime  to  the  Report  as  he  desired, 
so  that  the  only  manuscript  he  left  for  us  was  the  introductory  part 
which  is  contained  in  pages  8  to  15.  This,  with  the  exception  of 
the  sentences  on  page  8,  beginning  "  His  conclusions  "  and  ending 
"  carbon-iron  system,"  is  printed  without  alteration  from  that 
manuscript. 

A  careful  search  through  Sir  William's  papers  for  notes  or 
comments  on  the  experimental  work  was  unsuccessful,  no  traces  of 
uny  being  found.  He  had  entrusted  all  the  work  relating  to  the 
heat  treatment  and  photo-raicrograjihy  of  the  steels  to  Mr.  W.  H. 
Merrett,  Instructor  in  Assaying  at  the  Royal  School  of  Mines,  then 
Acting  as  his  assistant,  by  whom  it  has  been  ably  carried  out  on  the 
lines  he  (Sir  William)  had  laid  down.  The  main  body  of  the  Report 
is  hence  based  on  Mr.  Meirett's  work,  especially  on  his  elaboi'ate 
detailed  notes  of  the  experiments,  and  his  excellent  photo- 
micrographs, without  which  it  could  not  have  been  written. 

I  have  also  to  acknowledge  my  indebtedness  to  Mr.  F.  W. 
llarbord,  of  the  Royal  Indian  Engineering  College,  for  the 
determinations  of  the  mechanical  properties  of  most  of  the  specimens 
After  thermal  treatment. 


*  For  the  First,  Second,  Third,  Fourth,  and  Fifth  Reports,  sfe  Proceedings 
1891,  page  543;  1893,  page  102;  189.1,  p«ge  238;  1897,  page  31;  and  189;i, 
I>agc  3"). 
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Inlroductiou. — The  Fifth  Report  to  this  Committee  dealt  mainly 
with  the  question  of  earhurised  iron  considered  from  the  point  of 
view  of  the  solution  tlioory,  and  the  conclusions  which  wcro  reached 
rested  mainly  on  the  evidence  aflfordcd  hy  the  pyrometer  and  by  the 
microscope  as  to  the  structure  and  grouping  of  different  varieties  of 
steel.  In  Plates  -1  and  5  of  that  Report  a  complete  equilibrium  curve 
was  given  for  carburiscd  iron,  and  this  has  recently  formed  the  basis 
of  an  elaborate  study  by  Professor  Bakhuis-Roozeboom,*  of 
Amsterdam.  [His  conclusions,  which  are  of  great  scientific  interest, 
were  obtained  by  applying  the  phase-doctrine  of  Gibbs  to  the  study 
of  the  iron-carbon  alloys.  The  chief  reason  for  this  inquiry  was  to 
determine  the  conditions  of  the  existence  of  the  phases  of  a  system 
of  one  or  more  components.  Iron  and  steel  present  a  system  of  two 
components,  iron  and  carbon,  and  by  the  phases  of  this  system  is 
understood  all  the  distinct  forms  which  may  appear  in  the  system. 
It  is  necessary  in  this  system  to  consider  the  following  phases  : 
carbon  and  iron  (which  may  exist  in  three  phases,  a,  /?,  and  y) ; 
liquid  and  solid  solution  of  carbon  in  y  (austenite)  iron  and  cementite. 
Three  phases  are  the  maximum  that  may  co-exist,  according  to  the 
phase  doctrine,  in  the  case  of  stable  equilibrium  at  one  temperature 
and  a  constant  pressure. 

From  his  knowledge  of  the  solidification  and  transformation  of 
solid  solutions  Professor  Bakhuis-Roozeboom  was  enabled  to  give  a 
better  correlation  of  the  difterent  parts  of  the  iron-carbon  equilibrium 
curve  than  was  possible  in  the  Fifth  Report.  The  different  fields 
shown  in  his  curve  give  the  limits  of  concentration  and  temperature 
for  the  most  prominent  of  the  phases  that  appear  in  the  carbon-iron 
system.] 

Since  the  writing  of  the  last  Report  the  value  of  the  work  to  whicli 
the  Institution  has  so  unstintedly  devoted  its  resources  has  received 
wide  recognition.  AVhenever,  in  this  series  of  Reports,  the 
carburization  of  iron  Ijas  been  dealt  with,  the  question  of  the 
allotropy  of  iron  has  assumed  a  prominent  place.  M.  Osmond  and 
the  author  have  had  to  insist  again  and  again  upon  the  necessity  for 

•  Zeitschrift  fur  PhyBikaHsche  Chemie,  xxxiv,  4,  1900,  page  437. 
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its  acccptaucc,  and  it  would  havo  been  scarcely  necessary  to  refer  to 
it  now  had  uot  distiugnished  expciimcuters  ou  the  Coutiueut  recently 
based  important  couclusious  on  the  views  so  long  sustained. 
Reference  Las  already  been  made  to  the  work  of  Professor  BakLuis- 
Hoozeboom ;  a  communication  *  to  the  International  Physical 
Congress,  held  at  Paris  in  August  1000,  affords  another  instance 
of  much  interest  and  significance.  Professor  "Warburg,  of  the 
University  of  Berlin,  appealed  in  this  Paper  to  his  colleague, 
Professor  Van  't  lloff,  and  rc(iuestcd  him  to  express  his  opinion 
respecting  M.  Osmond's  views  as  to  the  transformation  of  carburised 
iron.  In  response,  Van  't  H  jff  gave  an  authoritative  statement  f  as 
to  the  vital  importance  of  allotropy  in  relation  to  the  properties  of 
steel,  which  is  as  follows : — "  /?  iron  is  capable  of  retaining  variable 
quantities  of  carbon  in  the  form  of  a  homogeneous  solid  solution 
known  as  martensite,  while  this  property  is  not  possessed  by  the  a 
modification  of  iron."  This  is  a  view  which  has  long  been  advocated 
by  ^I.  Osmond  and  the  author  in  the  Keports  presented  to  this 
Institution,  and  it  is  interesting  to  find  that  it  is  shared  by  such 
eminent  authorities  on  molecular  physics  as  Van  t'  Hoflf  and  Professor 
Bakhuis-Roozeboom,  and  fortified  by  the  adherence  of  such  an 
excellent  technical  worker  as  Professor  E,  Ileyn  :^,  of  the  Imperial 
Laboratory  at  Charlottenburg.  What  is  known  as  tho  allotropic 
theory  has  formed  the  basis  of  the  thirteen  years'  work  of  the 
Alloys  Research  Committee,  and  its  acceptance  would  alone  have 
justified  the  labour  which  has  been  spent  upon  it. 

It  is  now  known  that  allotropic  changes  in  the  iron  itself  are  the 
all-important  factors  in  determining  the  relations  between  iron  and 
carbon,  which  are  involved  in  the  characteristic  capacity  of  steel  for 
being  hardened  and  tempered.  If  iron  had  existed  only  in  the  u 
form,  it  could  never  have  been  hardened  by  quenching  ;  on  the  other 
hand,  if  ^  and  y  iron  were  alone  known,  steel  could  never  have  been 


*  Sur  rHystercBis.     Rapports  Congrfes  International  de  Physique,  Vol.  ii, 
1900,  page  509.     Paris  (Gauthier  Yillars). 
t  Ihid,  page  532. 
X  Stahl  xind  Eiscn,  1899,  Nos   1  nnJ  1(J. 
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tempered  or  annealed.  The  prevalent  belief,  therefore,  of  nearly  two 
I'cnturies,  wliicli  claimed  attention  for  the  carbon  alone,  has  had  to 
bo  abandoned.  Bergman,  in  17S1,  held  tlie  first  links  of  evidcneo 
which  have  led  to  the  present  conclusion,  while  Osmond,  in  the  last 
decade,  has  forged  the  strong  and  important  portion  of  the  chain 
which  wc  securely  hold.  In  the  future  it  will  be  realised  how  much 
the  Institution  of  Mechanical  Engineers  has  done  to  confirm,  strengthen 
and  diffuse  the  knowledge  we  possess  on  the  important  industrial 
question  of  hardening  steel. 

Annealing. — It  will  bo  well,  in  this  concluding  Report  of  the 
scries,  to  deal  with  the  operation  of  annealing,  the  importance  of 
which  is  widely  recognised,  though  the  nature  of  the  change  it  effects 
was,  until  recently,  but  little  understood.  The  physical  result  is 
definite  enough,  as,  by  annealing,  the  clastic  limit  *  of  cast  steel  is,  to 
cite  only  two  constants,  lowered  from  18  tons  per  square  inch  to 
about  11,  while  the  elongation  is  increased  from  7  to  25  per  cent. 
The  influence  of  annealing,  therefore,  on  the  properties  of  the  finished 
product  is  very  great.  "  There  seems,"  as  Professor  Sauveur  has  so 
well  pointed  outj,  "  to  be  considerable  difference  of  opinion  with 
regard  to  the  meaning  of  the  term  '  annealing,'  and  still  more 
concerning  the  proper  temperature  to  which  the  metal  should  be 
heated,  and  the  conditions  which  should  prevail  during  the  operation. 
To  some  steel-workers  annealing  conveys  the  idea  of  mere  heating  to 
a  temperature  sometimes  considerably  below,  sometimes  considerably 
above,  the  point  known  as  Brinell's  W  (say  700  ±  25).  To 
others  it  implies  a  prolonged  heating  at  a  temperature  varying  from 
a  barely  red  to  a  very  bright  red  or  even  a  yellow  heat.  Some  workers 
cool  their  steel  very  slowly  in  the  annealing  furnace ;  some  more 
rapidly  in  the  air  ;  others,  again,  quench  the  metal  after  reheating 
to  a  dull  red  heat.  Finally,  the  metal  is  heated  in  box38  or  pipes, 
with  or  without  packing  material,  or  it  is  heated  in  the  open  furnace 


♦  The  term  "  elastic  limit"  ia  used  in  this  Report  in  the  senflo  of  the  "  yield 
point." 

t  Journal,  Iron  and  Steel  Institute,  1890,  II,  page  200. 


Jan.  1904.  ALLOTS   nKSEVnCH.  11 

without  any  protection."  Tho  question  tbeu  arises  :  Arc  the  effects 
of  tempering  and  annealing  essentially  of  the  samo  oriUrV  Tn 
attempting  to  answer  this  question,  reference  should  be  mado  to  the 
lecture  which  was  delivered  by  the  author  in  1889,  before  the 
British  Association.*  It  was  then  pointed  out  that  the  effect  of 
annealing  and  tempering  was  very  complicated,  and  it  was  stated  that 
Barus  and  Strouhal  considered  that  annealing  was  demonstrably 
accompanied  by  chemical  change,  even  at  temperatures  slightly  above 
tho  mean  atmospheric  temperature,  and  that  tho  "  molecular 
configuration  of  glass-hard  steel  is  always   in  a  state  of  incipient 

change, a  part  of  which  change  must  be  of  a  permanent 

kind."  Barus,  f  however,  said,  "  that  during  the  small  interval  of 
time  within  which  appreciable  annealing  occurs,  a  glass-hard  steel 
rod  suddenly  heated  to  300°  C.  (572'  F.)  is  almost  a  viscous  fluid,' 
and  he  considers  that  glass-hard  steel  is  constantly  being  spontaneously 
"  tempered "'  at  the  ordinary  temperature,  which,  he  says,  "  acting  on 
freshly  quenched  [that  is,  hardened]  steel  for  a  period  of  years, 
produces  a  diminution  of  hardness  about  equal  to  tliat  of  100°  C. 
(212^  F.),  acting  for  a  period  of  hours."  J  The  nature  of  the 
molecular  change  is  well  indicated  in  the  long  series  of  researches 
which  led  them  to  the  conclusion  that  in  steel  "  there  is  a  limited 
interchange  of  atoms  between  molecules  under  stress,  which  must  be 
a  property  common  to  solids,  if,  according  to  Haxwell's  conception, 
solids  are  made  up  of  configurations  in  all  degrees  of  molecular 


*  "  Nature,"  7  and  U  Nov.,  1889. 

t  Philosophical  Magazine,  xxvi,  1888,  page  209. 

J  That  a  very  appreciable  change  in  the  structure  of  glass-hard  steel  occurs 
when  it  is  reheuted  to  100°  C.  (212"  F.)  for  some  considerable  time  was  confirmed 
microscopically,  in  1899,  by  Sir  W.  Roberts-Austen,  who  quenched  a  piece  of 
steel  containing  0*4  per  cent,  carbon  in  mercury,  and  subsequently  allowed 
it  to  remain  for  1,500  hours  at  100°  C.  On  Figs.  157  and  158,  Plate  39, 
are  shown  resj)ectively  the  steel  as  «|Ucnohcd  and  after  annealing.  It  will  be 
seen  that  the  original  well-defined  nmrtcnsite  has  been  transformed  by  this 
treatment  into  granular  pearlite  of  a  similar  nature  to  that  obtained  in  u 
hardened  steel  which  has  been  tempered  to  straw  colour  under  normal 
conditions. 
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stability.''  Barus  aud  Stroubal  attach,  relatively,  but  little 
importance  to  the  cbauge  in  tbe  relations  between  tbe  carbon  and  the 
iron  during  tbe  tempering  aud  annealing  of  bard  steel.  Tbey 
consider  tbat  in  hardening  steel  the  "  strain  once  applied  to  steel  is 
locked  up  in  the  mstal  in  virtue  of  its  viscosity  " ;  temijering  is  the 
release  of  this  molecular  strain  by  beat. 

If  it  were  only  a  question  of  obliterating  crystallization  produced 
by  undisturbed  cooliug  of  tbe  metal  from  a  temperature  of 
about  725''  C.  (1,337^  F.),  then  a  very  significant  fact  must  be 
remembered.  This  is,  tbat,  in  certain  metallic  masses  which  have 
become  largely  crystalline  by  slow  cooling  from  the  molten 
condition,  the  structure  may  be  profoundly  changed  by  heating  to 
only  200  C.  (392^  F.).  This  was  first  noted,  seven  years  ago,  by 
;M.  Osmond  aud  the  author  in  the  case  of  gold  alloyed  with  0  •  2  per 
cent,  of  antimony,  which,  from  being  coarsely  crystalline  as  cast, 
becomes  minutely  crystalline  when  heated  to  only  200°  C.  (392°  F.).* 
They  pointed  out  that  "  bismuth,  antimony,  thallium,  aud  aluminium, 
when  present  in  gold  in  the  proportion  of  about  0  •  2  per  cent.,  behave 
in  respect  to  gold  in  the  same  way  as  carbon  does  with  regard  to 
steel,  but  at  a  much  lower  temperature,"  arid  added  that  "  the 
transformation  of  the  structure  of  a  metal,  at  a  temperature  so  far 
below  its  melting  point  in  the  presence  of  only  two-tenths  per  cent, 
of  a  foreign  body,  is  probably  not  an  isolated  fact,  and  appears  to 
open  a  new  field  for  research."  Other  evidence  of  a  similar  kind 
is  adduced  in  an  Appendix  f  to  this  Eeport. 

The  simplest  view  of  annealing  has  been  presented  with  singular 
clearness  by  Sauveur,  who  states  that  the  purpose  of  annealing  "  is 
to  render  the  quenched  metal  as  soft,  tough,  and  ductile  as  possible, 
and  to  do  so  by  decreasing  the  elastic  limit  and  tensile  strength  only 
by  such,  so  to  speak,  abnormal  increments,  as  were  acquired  through 
hardening  and  cold  working."  The  author  has  elsewhere  defined 
"  annealing "  as  heating  above  Brinell's  point  W,  say,  to  750^  C. 

*  Philosophical  TraLsactions,  Eoyal  Society,  vol.  187,  1896,  page  431. 
+  *•  The  Microscopical  Examination  of  the  Allf>y8  of  Copper  and  Tin,"  by 
Dr.  \V.  CampVjcll,  Proceedings  1901,  page  1211. 
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(1,382^  F.)  followed  by  slow  cooling,  while  "  tempering  "  is  heating 
to  a  point  Inilow  W,  with  subsequent  slow  or  rnpitl  cooling,  and  has 
no  useful  effect  except  after  quenching  or  cold  working.  This 
definition  has  been  accepted  by  the  French  Commission  on  methods 
of  testing.* 

As  a  starting  point  for  the  enquiry,  it  may  be  accepted  that 
maintenance  of  the  steel,  for  a  certain  time,  at  a  temperature  between 
625'  C.  (1,157°  F.)  and  750°  C.  (1,382°  F.)  is  necessary.  The  present 
Report  will,  therefore,  deal,  to  some  extent,  with  the  effect  of 
annealing  on  different  varieties  of  steel,  the  author  having  been 
assured  that  the  investigation  of  this  question  would  certainly  yield 
results  of  industrial  importance.  It  has  long  been  known  that  the 
resistance  of  metals  and  alloys  to  mechanical  stress  varies  considerably 
with  the  temperature  at  which  the  tests  are  conducted.  In  the 
operation  known  as  annealing,  the  metal  or  alloy  is  raised  to  a 
Bomewhat  elevated  temperature,  and  this  is  followed  by  more  or  less 
prolonged  cooling.  The  effect  of  this  treatment  is  ascertained  at  the 
ordinary  temperature,  which,  for  industrial  purposes,  is  practically  a 
constant  one,  as  the  extreme  variations  do  not  differ  by  more  than  a 
few  degrees.  The  results  obtained,  therefore,  will  depend  on  the 
complex  thermal  treatment  the  metal  has  previously  undergone. 
The  properties  of  a  metal  which  has  been  annealed  will  thus  be 
widely  different  from  those  which  the  same  metal  would  be  found  to 
possess,  if  it  were  tested  at  any  definite  temperature  within  the  range 
used  in  the  operation  of  annealing.  The  conclusions  which  have 
been  arrived  at  as  to  the  properties  of  steel  and  other  alloys,  when 
tested  within  a  more  or  less  wide  range  of  temperatures,  will  be 
found  in  an  admirable  report  by  Professor  Ledebur,  of  Freiberg, 
which  was  translated  into  French  by  the  late  Professor  Jordan,  and 
to  his  work  the  reader  should  refer.f 


*  See  F.  Osmond's  correspondence  on  Sauvcur's  Paper,  "  The  Relation 
between  the  Structure  of  Steel  and  its  Thermal  and  Mechanical  Treatment," 
Journal,  Iron  and  Steel  Institute,  1899,  II,  page  219. 

t  Jordan.  Bulletin  de  la  Socicte  d'Encouragement  pour  I'lndnstrie  Xationale, 
Aug.  1899,  i)age  1157. 
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Before  proceeding  furtbei",  it  may  bo  woU  to  point  out  that  the 
aiitogrnpLic  iliagram  of  tbo  "  yiebl  point  "  of  annealed  and  unannealed 
steel  is  widely  different,  as  bas  been  sbown  by  MM.  Cbarbonnier  and 
Galey-Acbe  •  in  a  Paper  entitled  "  Etude  sur  les  Proprietes 
Pbysiques  et  Mccaniqucs  des  I\Ietaux."  They  bavo  clearly 
demonstrated  tbat  tbe  form  of  an  autographic  stress-strain  diagram, 
tniced  in  testing  tbe  tenacity  of  a  sample  of  iron  or  of  steel,  bas  a 
singular  relation  to  tbe  effect  of  annealing.  Thus,  it  bas  long  been 
knu\vn  tbat  tbt  re  is  a  peculiar  bend  in  tbe  curve  wbicb  marks  tbo 
point  at  wbicb  tbe  limit  of  elasticity  is  rcacbed,  and  tbo  metal 
begins   to   break   down.     If    tbis   curve   be   traced   by   a   sensitive 

Fig.  1. 


appliance,  tbe  critical  portion  of  tbe  stress-strain  diagram  is  found 
to  bave  tbe  form  indicated  in  tbe  accompanying  sketch,  Fig.  1,  in 
wbicb  tbe  portion  0  B  is  within  tbe  elastic  limit  of  the  material, 
while  B  C  A  indicates  variations  in  the  resistance  of  the  test-pieco 
when  the  limit  of  elasticity  is  passed.  A  Z  represents  the  permanent 
and  regular  elongation  when  the  test-piece  is  submitted  to  an 
increasing  load.  Tbe  authors  observe,  however,  tbat  the  portion  B  C 
represents  false  equilibrium,  analogous  to  the  physical  phenomena 
known  as  "  surfusion  "  and  "  supersaturation,"  and  that  the  point  C 
marks  tbe  true  yield  point.  In  tbe  experiments  cited  by  the  authors 
tbe  iron  employed  possessed  a  l^igb  degree  of  purity. 


Commanication  to  the  CoDgresa  on  Testing  Materials. 
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It  contained : — 

Carbon         .  001 

Phosphorus.         .         .         .         .         .         .001 

Silicon 0-02 

The  diagram,  Fig.  1,  shows  the  curve  recorded  in  testing  this 
iron  after  it  had  been  heated  to  1,000°  C.  (1,832'  F.)  and  slowly 
cooled. 


The  object  of  the  experimental  work,  whicb  will  now  l>e 
described,  was  mainly  to  observe  and  record  the  change  in  properties 
which  different  varieties  of  steel  undergo,  when  submitted  to  thermal 
treatment.  The  particular  variety  of  steel  selected  was  made  at 
Shefl&eld,  and  was  very  pure.  In  no  case  does  the  manganese  exceed 
0*25  per  cent.,  and  it  is  generally  less  than  0-20  per  cent.  The 
steel,  as  received,  was  in  the  form  of  three-quarter  inch  rolled  bars, 
and  was  turned  up  into  test-pieces  of  the  dimensions  given  in  the 
appended  sketch,  Fig.  2  *  (page  16). 

*  It  will  be  noted  that  test-pieces  of  approximately  this  size  have  since 
been  adopted  by  ''Committee  No.  1  of  the  American  Section  of  the  International 
Association  for  Testing  Materials,"  whose  recommendations  were  presented  in 
the  form  of  a  Paper  to  the  "  International  Congress  on  Methods  of  Testing 
Materials  of  Construction  "  at  Paris,  July  1900.  The  standard-turned  test-piece 
advocated  by  this  Committee  for  steel  castings,  axles,  forcings,  and  tires,  has  a 
diameter  of  half  an  inch  and  a  gauged  length  of  2  inches;  the  other  dimensions 
are  shown  in  the  accompanying  sketch.  Fig.  3  (page  IG). 

In  the  manufacture  of  ordnance  the  test-bars  taken  from  the  hardened 
and  annealed  forging  are  now  also  small,  each  bar  being  4 J  inches  long, 
and  having  in  the  central  portion  a  cylindrical  operative  part  2^inches  long 
and  0-53>  inch  in  diameter.  The  enlarged  ends  are  made  to  suit  ithe 
holders  of  the  testing  machine,  and  tho  operative  part  is  provided  ^with 
two  gauge  points  accurately  adjusted  2  inches  apart.  It  is  imperative 
that  the  test-pieces  should  be  of  uniform  dimensions,  especially  as  reganls 
length,  since  a  short  piece  will  elongate  much  more  in  relation  to|  its  original 
length  than  a  longer  one  of  the  same  material,  the  reason  being  that  the  chief 
part  of  the  total  elongation  occurs  where  the  specimen  "necks"  at  the  point  of 
rupture,  and,  as  the  total  elongation  of  the  long  specimen  is  not  much  greater 
than  that  of  the  short  one,  its  elongation  per  cent,  of  original  length  is  less. 
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Eight  series  of  bars  were  supplied  for  these  experiments.     The 
composition  of  these  bars  was  as  follows  : — 

Analyses  of  the  bars  by  Mr.  F.  W.  Harhord, 
Royal  Indian  Engineering  College. 


Tests  were  made  on  the  different  sets  of  bars  as  received,  and 
after  they  had  been  subjected,  respectively,  to  the  following 
treatment.     This  grouping  may  therefore  be  adopted : — 
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(1)  As  received. 

(2)  Annealed  for  balf-an-Lour  at  the  following  temperatures  : 
C20^  C.  (1,U8°  F.),  720"  C.  (1,328°  F.),  800^  C.  (1,472°  F.),  900"  C. 
(1,652°  F.),  1,100°  C.  (2,012°  F.). 

An  attempt  was  made  to  keep  the  last  set  of  bars  at  1,200°  C. 
(2,192°  F.),  during  the  annealing,  but  this  was  found  to  bo  impossible 
in  the  muffle  used  for  this  experiment. 

The  bars  were  packed  in  lime  in  ^-inch  wrought-iron  tubes, 
closed  at  each  end  by  screwed  iron  caps.  These  tubes  were 
then  packed  in  a  large  wrought-iron  tube,  the  ends  of  which  were 
covered  with  wrought-iron  plates.  This  was  placed  in  a  closed 
gas-muffle,  and  a  record  of  the  temperature  was  taken  by  means  of 
two  thermo-couples  attached  to  an  autographic  recorder.  A  diagram, 
showing  the  manner  in  which  tubes  were  packed  and  placed  in  the 
muffle,  and  the  arrangement  of  the  thermo-couples,  is  given  on 
Plate  2. 

(3)  Soaked  for  twelve  hours  at  approximately  the  temperatures 
given  in  (2).  (It  being,  however,  found  possible  to  maintain  the 
soaking  temperature  at  1,200"  C.  (2,192"  F.),  in  the  case  of  the  last 
set  of  bars  treated,  they  were  kept  at  this  temperature,  in  preference 
to  1,100°  C.  (2,012°  F.).)  The  bars  were  packed  in  iron  tubes  in  the 
same  manner  as  in  the  preceding  group. 

(4)  Quenched  at  the  following  temperatures  in  water : — 720°  C 
(1,328°  F.),  800°  C.  (1,472°  F.),  900°  C.  (1,652°  F.),  1,200°  C. 
(2,192°  F.). 

(5)  Quenched  in  oil. 

In  these  experiments  the  bars  were  subjected  to  the  following 
treatment : — 

(a)  Quenched  at  720°  C.  (1,328°  F.)  and  not  reheated. 

(b)  Quenched  at  720°  C.  (1,328°  F.),  870°  C.  (1,5'J8°  F.)  and  1,000°  C. 
(1,832°  F.),  and  reheated  to  350°  C.  (6U2°  F.). 

(c)  Quenched  at  800°  C.  (1,472°  F.)  and  900°  C.  (1,052"  F.),  and  reheated  to 
C00°  C.  (1,112°  F.). 

The  rate  of  cooling  of  the  bars  was  in  all  cases  taken  by  means 
of  thermo-couples  connected  with  the  autographic  recorder  of  the 
pyrometer,  and  this  had   the   great  advantage  of  showing,  by   an 
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actual  curve,  the  rate  and  degree  of  regularity  witli  wbicli  the 
cooling  proceeded.  The  maximum  time  of  beating  was  twelve  hours 
In  dealing  with  such  comparatively  small  bars,  much  does  not  appear 
to  be  gained  by  prolonging  the  cooling  beyond  this  time. 

It  will  be  seen  that  great  care  has  been  taken  to  avoid  annealing 
the  dilleront  varieties  of  steel  at  a  single  temperature  only.  The 
temperature  of  annealing  has  been  varied  so  as  to  ascertain  its 
influence  on  steel  with  different  degrees  of  carburization.  Thus, 
one  complete  set  of  steel  bars  was  annealed  at  G20^  C. 
(1,148  F.),  and  others  were  respectively  annealed  at  the  following 
temperatures :— 720°  C.  (1,328°  F.),  800°  C.  (1,472°  F.),  900°  C. 
(1,652°  F.),  and  1,100'  C.  (2,012°  F.).  The  influence  of  these 
varying  tcmiieraturcs  on  steel  containing  0  •  13  per  cent,  of  carbon 
can  thus  be  compared  with  the  effect  on  that  containing  as  much  as 
1*3  per  cent.  It  is  interesting  to  note  that  when  heated  up  to 
800°  C.  (1,472°  F.),  steel  with  less  than  0-4G8  per  cent,  of  carbon 
does  not  appear  to  be  affected,  but  with  higher  grades  of  carburization 
the  ductility  and  reduction  of  area  on  fracture  are  changed. 

The  effect  of  heating  crucible  steels  (containing  1  •  0  per  cent,  of 
carbon)  to  various  temperatures,  followed  by  slow  cooling,  has  already 
been  studied.*  The  effect  on  cast  steel  produced  by  heating  it  to  a 
single  definite  temperature,  followed  by  slow  cooling,  has  recently 
also  formed  the  subject  of  some  careful  experiments.! 

Rolled  steel,  which  was  the  material  chosen  for  the  experiments 
about  to  be  described,  has,  of  course,  relatively  higher  importance 
on  account  of  its  wide  use  for  constructional  purposes. 

For  the  purposes  of  this  Report,  each  test-piece,  after  receiving 
its  thermal  treatment,  had  a  portion  of  one  of  its  ends  removed  for 
examination  under  the  microscope.  The  bars  were  then  mechanically 
tested  for  : — (1)  Breaking  strain  ;  (2)  elastic  limit ;  (3)  elongation; 
and  (4)  reduction  of  area. 

The  majority  of  the  mechanical  tests  for  this  Report  were  mad© 
by  Mr.  F.  W.  Ilarbord,  of  the  Royal  Indian  Engineering  College, 


•  G.  W.  Sargent.    Trans.  Amcr.  Inst.  Mining  Engineers,  February  1901. 
t  J.  O.  Arnold.     Journal,  Iron  and  Steel  Inst.,  1901, 1,  page  191. 
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but  those  given  in  Tables  0,  10,  I'J  and  20  (also  plotted  in  Figs. 
16,  17,  26  and  27  respectively)  were  carried  out  by  Mr.  E.  G.  LI. 
IJobcrts  at  the  Fiusbury  Technical  College. 

Sections  were  also  taken  from  the  original  bars,  about  '}  inch 
in  diameter  and  ■]  inch  thick,  and  were  thermally  treated  under 
identically  the  same  conditions  as  the  bars,  the  object  being  to 
determine  the  extent  and  nature  of  the  differences  in  structure  of 
these  small  pieces,  and  of  the  sections  removed  from  the  bars  after 
thermal  treatment.  It  was  found  however  that  there  was  really  very 
little  difference  in  structure  between  the  two  classes  of  sections  except, 
perhaps,  that,  in  the  case  of  quenching  in  water,  the  abstraction  of 
heat  from  the  bars  had  not  been  so  rapid  as  in  the  small  sections, 
and  the  martensite  in  the  latter  cases  was  more  sharply  developed. 
The  quenched  specimens  of  the  high  carbon  steel  were  cut  by  means 
of  a  circular  disc  of  mild  steel  attached  to  a  lathe,  diamantine  or 
emery  being  used  as  the  "  cutting "  agent  in  the  same  way  that 
diamond  dust  is  used  with  a  lapidary's  wheel. 

As  the  methods  by  which  the  photo-micrographs  were  prepared 
for  this  Report  differ  in  detail  from  those  generally  practised,  it  will 
not  be  out  of  place  at  this  point  to  describe  briefly  the  apparatus 
used  and  the  methods  employed  in  preparing  specimens  of  steel  for 
microscopic  examination. 

MetJiods  used  for  preparliuj  PJioto-micrognqjlts. — The  actual 
polishing  of  the  specimens  for  microscopic  examination  was  carried 
out  generally  in  accordance  with  the  methods  laid  down  by  M. 
Osmond,*  although  later  the  modifications  suggested  by  Professor  H. 
le  Chatelier  f  were  adopted.  These  modifications  somewhat  reduced 
the  labour  of  polishing.  The  polishing  powders  employed  consisted 
of  alumina,  in  various  states  of  division,  prepared  from  ammonia 
alum.     The  ammonia  alum  was  first  very  thoroughly  calcined,  and 


*  F.  Osmond.  "  Bulletin  do  la  Societe  d'Encouragement  pour  I'lDdustrie 
Nationale,"  4*  Serie,  May  1895,  vol.  x,  page  480. 

t  See  Prof.  H.  le  Chatelier's  Paper  in  the  "Bulletin  ile  la  Societe 
d'Encouragement  pour  I'lnduBtrie  Nationale,"  5'  Serie,  Sept.  1900,  vol.  vi, 
page  365. 
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the  product  treateil  with  water  containing  0  •  1  per  cent,  of  nitric 
acid.  The  niixturo  was  next  stirred  occasionally  for  several  hours 
and  then  allowed  to  settle.  Although  the  settlement  of  the  alumina 
is  rai>id  in  the  acid  solution,  it  nevertheless  takes  a  long  time  to 
separate  if  the  solution  is  made  neutral,  and,  occasionally,  when  this 
is  ammoniacal,  as  long  as  ten  or  twelve  days  are  necessary  for 
complete  settlement.  The  powder  was  then  washed  several  times 
with  distilled  water,  by  decantation,  until  the  particles  would  no 
longer  settle  quickly.  Two  cubic  centimetres  of  ammonia  were  added 
to  each  litre  of  water  and  decantation  was  resorted  to  at  intervals  of 
fifteen  minutes,  one  hour,  four  hours,  twenty-four  hours  and  eight 
days,  and  the  respective  i)owders  collected  separately.  These  were 
mixed  in  each  case  with  scrapings  of  very  dry  castile  soap  in  the 
proportion  of  one  part  of  soap  to  ten  parts  of  wet  powder.  The 
mixture  was  then  melted  in  a  water-bath,  stirred  thoroughly, and  poured 
into  tin  tubes  similar  to  those  used  for  holding  artists'  oil-colours. 

The  polishing  machines  used  for  the  latter  part  of  this  research 
were  made  in  the  Metallurgical  Laboratory  of  the  Eoyal  School  of 
Mines.  The  machine  employed  for  the  rough  polishing,  as  will  be 
seen  from  Fig.  4,  Plate  1,  consists  of  an  arrangement  not  unlike  a 
lathe-head  with  a  mandi-il  at  each  end,  one  of  which  is  "  screwed  "  to 
a  right-handed  and  the  other  to  a  left-handed  thread.  A  number  of 
wooden  discs  about  12  inches  in  diameter  are  attached  to  chucks 
which  fit  the  mandrils,  the  faces  of  the  discs  being  covered  with 
commercial  emery  papers  of  different  degrees  of  fineness.  The 
machine  is  mechanically  driven  at  about  200  revolutions  per  minute. 
It  is  fitted  with  broad  hand-rests  similar  to  those  used  on  an  ordinary 
pattern-maker's  lathe.  With  this  arrangement  two  operators  can 
work  at  the  same  time,  and,  by  polishing  the  specimens  lightly,  the 
overheating  complained  of  by  many  workers  is  avoided.  With  the 
aid  of  this  machine  it  is  possible,  by  using  the  finer  grades  of 
commercial  emery  papers  (notably  those  prepared  by  Hubert),  to 
obtain  specimens  sufficiently  well  polished  for  eye  observation  and 
low-power  work;  the  character  of  the  results  may,  however,  be 
greatly  improved  by  rubbing  the  finest  of  Hubert's  papers  (number 
0000)  with  a  piece  of  hard  steel  and  a  little  oil  before  use. 
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The  polishing  machine  wscd  for  fine  work,  shown  on  Fig.  5, 
Plate  1,  is  an  elaborate  modification  of  the  one  used  by  M.  Osmond. 
It  consists  essentially  of  two  vertical  spindles,  which  are  drilled  to 
receive  a  series  of  cast-iron  discs  about  12  inches  in  diameter. 
Each  disc  is  covered  with  riblcss  cloth,  which  is  secured  iu 
position  by  means  of  a  gun-metal  ring.  The  discs  rotate  within  two 
boxes  fitted  with  sliding  glass  lids,  and  the  motive  power  is  obtained 
from  a  small  electric  motor  which  is  attached  to  a  "  fast  and  loose  " 
pulley,  so  that  it  is  not  necessary  to  switch  off  the  motor  every  time 
it  is  desired  to  stop  the  discs.  This  machine  is  exclusively  used  for 
the  Le  Chatelier  powders  and  washed  rouge,  a  separate  disc  being 
kept  for  each  polishing  powder.  The  discs,  which  are  kept  moist 
with  water,  rotate  about  400  times  per  minute. 

The  camera  used  for  the  photographic  work  was  of  the  horizontal 
type  and  about  G  feet  long.  About  two-thirds  of  its  length  was  made 
up  of  collapsible  bellows,  whilst  the  other  third  consisted  of  a  light 
conical  tube  which  tapered  towards  the  microscope.  The  other  end  of 
this  tube  was  so  hinged  that  the  tube  could  be  diverted  horizontally, 
when  it  was  necessary  to  use  the  microscope  alone.  A  focussing  rod 
was  fixed  to  the  side  of  the  camera,  and  this  actuated  the  fine 
adjustment  by  means  of  a  thin  catgut  band  and  pulley,  so  that  the 
operator  could  focus  the  image  on  the  ground-glass  screen  with  the 
greatest  possible  ease.  In  certain  cases  it  was  found  that  the  light 
reflected  from  the  object  was  not  sufficient  to  give  an  image  on  the 
ground-glass  screen  and  that  focussing  was  not  possible ;  this 
difficulty  was  eventually  overcome  by  affixing  five  cover  glasses  to 
the  ground  glass — one  in  the  middle  and  one  at  each  corner — by 
means  of  Canada  balsam.  The  spaces  covered  by  the  glasses 
being  transparent,  it  was  possible  to  place  a  small  microscope  over 
them  and  then  focus  the  image  by  turning  the  fine  adjustment,  as 
if  the  whole  camera  were  a  microscope,  and  the  small  subsidiary 
microscope  an  eye-piece. 

The  microscope,  which  was  made  by  Baker,  was  fitted  on  a 
cast-iron  turntable,  so  that  a  small  amount  of  traverse  to  the  right  or 
left  could  be  obtained  when  necessary.  The  magnifications  which 
were  found  to  be  most  useful  were  50,  140,  850  and  1,G00  diameters. 
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^VhcIl  using  a  6-foot  camera  at  full  length,  ami  a  low-power  Zeiss 
projection  cyc-pieco,  tlieso  magnifications  may  bo  obtainocl  witli  the 
Zeiss  35  mm.  projection,  the  24  mm.,  the  4  mm.  with  correcting 
collar,  and  tlio  2  mm.  immersion  objectives  respectively.  The 
projection  lens  is,  of  course,  used  without  an  eye-piece.  All  tho 
high-power  eye-pieces  used  at  the  Mint  were  unsatisfactory  as  regards 
definition ;  and  it  was  found  to  be  better  to  obtain  greater 
magnification  by  means  of  a  long  camera  than  by  employing 
high-power  projection  eye-pieces. 

The  illumination  was  obtained  by  means  of  a  small  hand-fed 
arc  lamp,  which  was  replaced  later  by  a  "  Brusb "  automatic  lamp 
working  at  an  angle  of  25°  to  the  vertical.  It  is  essential  that  the 
top  carbon  should  be  the  positive  one,  and  that  the  crater  formed 
should  be  small  and  in  such  a  position  that  tho  light  is  thrown 
towards  the  microscope.  Such  an  arc  should  "  burn "  about  10 
amperes. 

Since  the  specimens  were  opaque,  it  was  necessary  to  illuminate 
them  from  above,  and  this  was  generally  done  vertically  by  means  of 
a  Beck's  vertical  illuminator ;  this  is  a  small  disc  of  cover-glass, 
which,  placed  at  an  angle  of  45°  in  the  optic  axis  of  the  microscope, 
receives  the  light  from  an  aperture  in  the  side  of  the  apparatus,  and 
reflects  it  upon  the  objective ;  the  lenses  then  concentrate  the  light 
upon  the  object.  A  small  prism  devised  for  vertical  illumination  by 
Nachet,  of  Paris,  was  occasionally  used  with  very  good  results, 
especially  when  it  was  necessary  to  economise  light. 

For  ordinary  work,  no  water-jacket  was  placed  between  the  arc 
light  and  the  microscope,  but  a  hole  ^-inch  in  diameter  was  drilled 
in  the  brass  tube  of  the  Beck's  illuminator  on  tho  side  opposite  that 
at  which  the  light  enters,  so  that  the  light  which  is  not  reflected  by 
the  glass  in  the  illuminator  will  pass  out  through  this  opening  and 
with  it  some  of  the  radiant  heat.  It  is  a  curious  fact  that  most  of 
the  heat  passes  through  the  glass  and  but  little  is  reflected  through 
the  objective.  For  some  work  the  filament  of  an  incandescent 
electric  lamp  was  employed,  this  being  placed  close  to  the  slit  of  a 
Nachet  vortical  illuminator.  For  this  purpose  it  is  necessary  to  use 
a  very  low  voltage  lamp,  say  2-G  volts,  as  a  filament  requiring  a 


Jan.  1904.  ALLOYS   BESEABCU.  23 

[.'reater  eloctrical  pressure  tliuu  tbis  is  too  tbiu  for  illummating  the 
whole  of  lield. 

The  specimens  of  steel,  after  bciug  thoroughly  polished  by 
the  aid  of  emery  aud  rouge  papers,  or  by  meaus  of  the  pastes  of  soap 
aud  alumina  powder,  were  lightly  rubbed  during  the  time  required 
for  about  two  thousand  revolutions  on  a  wet  wheel,  upon  which  a 
trace  of  washed  rouge  had  been  placed.  At  this  stage  the  specimens 
become  lightly  engraved,  the  harder  constituents  ajjpearing  in 
relief;  and  should  be,  of  course,  quite  free  from  scratches. 

The  structure  of  the  specimens,  in  most  cases,  is  not  shown  by 
polishing  only,  but  must  be  made  evident  by  physical  or  chemical 
processes  which  produce  different  effects  upon  different  constituents 
of  the  steel.  For  the  purposes  of  this  Report,  the  constituents  were 
usually  brought  out  clearly,  cither  (1)  by  rubbing  the  specimen  with 
liquorice  juice  on  parchment ;  (2)  by  rubbing  the  specimen  with  a 
2  per  cent,  solution  of  ammonium  nitrate  on  iiarchment;  or  (3)  by 
attacking  it  with  a  very  dilute  solution  (1  per  cent.)  of  nitric  acid 
in  alcohol.  After  rubbing  on  parchment  with  liquorice  juice  or 
ammonium  nitrate,  it  is  necessary  to  rinse  the  specimen  first  in  water, 
at  the  same  time  gently  rubbing  the  surface  with  the  fingersj  and 
then  to  immerse  it  in  alcohol.  After  remaining  in  the  alcohol  for  a 
minute  or  two,  the  specimen  is  lightly  rubbed  with  a  chamois  leather 
which  has  been  dipped  in  benzene.  Specimens  which  have  been 
treated  with  an  alcoholic  solution  of  nitric  acid  should  be  rinsed 
immediately  in  alcohol,  and  then  be  rubbed  with  the  chamois  leather 
dipped  in  benzene.  The  time  necessary  for  the  attack  varies  with  the 
carburization  and  the  previous  thermal  treatment  of  the  steel.  "With 
the  solution  of  nitric  acid  in  alcohol  the  time  varies  from  thirty  seconds 
to  two  minutes,  a  dead  soft,  low  carbon  steel  taking  thirty  seconds, 
and  a  quenched  0'8  per  cent,  carbon  steel  about  tno  minutes. 

The  specimens  were  mounted  on  ordinary  glass  slides  with  a 
wax  composed  of  resin,  beeswax,  red  ochre,  and  plaster  of  Paris. 
No  special  apparatus  was  used  for  levelling  the  specimens  on  the  glass 
slips,  as  it  was  found  possible  to  work  more  rapidly  and  quite  as 
accurately  without  these  appliances.  When  a  specimen  was  slightly 
'*  out  of  truth  "  under  the  microscope,  it  was  adjusted  by  means  of  the 
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levelling  stage.  The  rcil  wax,  meutioncd  above,  was  foaud  to  bo 
the  best  possible  material  for  the  purpose  of  mouutiug,  as  it  remains 
plastic  for  a  sufficiently  long  time  to  allow  the  specimen  to  bo 
levelled  by  hand,  and  then  "sots"  quite  bard.  The  majority  of  tho 
photo-micrographs  taken  for  this  Ileport  are  of  a  magnification  of 
1,600  diameters,  as  only  with  such  a  high  magnification  as  this  can 
tho  actual  condition  of  the  iron  carbide,  in  a  slowly  cooled  steel, 
be  seen.  All  steels  which  have  been  quenched  must,  of  course, 
be  exiuuiued  under  a  high  power.  A  small  electro-magnet  attached 
to  the  stage  of  the  microscope  was  found  to  be  very  useful  for 
examining  specimens  M-hen  the  faces  had  been  properly  "  trued." 

Annealing  Experiments. 
The  Effects  of  Aimealiiuj. — The  efiects  of  annealing  on  tho 
mechanical  properties  and  microstructure  of  the  steel  bars  as 
revealed  by  the  new  experiments  will  now  be  discussed.  Table  1, 
the  results  of  which  were  obtained  at  the  Royal  School  of  Mines- 
and  are  plotted  in  Fig.  8,  Plate  4,  shows  tho  breaking  strain, 
elongation,  and  reduction  of  area  of  the  rolled  bars  as  received : — 


TABLE  1. 
{From  the  Rolls.) 


Carbon. 
Per  cent. 

Breaking  Strain. 

Tons  per 

square  iuch. 

Elongation 

on  2  inches. 

Per  cent. 

Beduction  of 

area  at  fracture. 

Per  cent. 

0-130 

30-22 

20-00 

34-73 

0-180 

31-52 

12-50 

29-71 

0-254 

33-25 

12-70 

25-31 

0-4G8 

3G-9G 

G-25* 

18-7G 

0-722 

49  00 

11-72 

3-43 

0-871 

58-02 

5-47 

5-3S 

0-9-17 

53-74 

7-03 

5-G3 

1  30C 

56-11        . 

703 

8-48 

*  Abuormul. 
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It  will  at  once  bo  uoticoJ  tbat  both  the  reduction  of  area  and 
the  elongation  arc  extremely  low  in  all  the  specimens,  whereas  tho 
breaking  strain  is  about  nonual.  This  led  to  tlie  bidief  that  the 
bars  had  bem  submitted  to  "  cold-rolling,"  that  is,  that  they  had 
been  rolled  after  tho  separation  of  the  constituents  of  the  steel. 
Sections  were  therefore  taken  from  the  bars,  both  at  right  angles 
and  parallel  to  their  axes,  but  in  no  case  could  evidence  of  cold 
rolling  bo  detected.  A  photo-micrograph,  prepared  from  each  of  tho 
transverse  sections,  is  shown  on  Plate  17,  from  which  it  is  evident 
that,  although  no  "  cold  rolling  "  has  taken  place,  the  bars  have  been 
rapidly  cooled  near  the  critical  point  Arj,  and  that  some  sorbite  has 
been  produced  in  nearly  every  case.  This  would,  to  a  certain  extent, 
account  for  the  very  low  reductions  of  area  and  elongation  of  the 
bars. 

For  the  sake  of  convenient  comparison  the  results  of  the 
mechanical  tests  of  each  series  of  bars  dealt  with  in  this  research 
are  plotted  on  Plates  •!  to  16  inclusive. 

Annealing  Bars  at  620°  C.  (1,148°  F.)/or  HaI/-an-hour.— It  has 
been  frequently  stated  by  metallurgists  that  practically  no  change  is 
brought  about  in  the  mechanical  properties  of  slowly-cooled  iron 
and  steel  when  heated  to  temperature  below  the  A^  point  (about 
680°  C.  (1,256°  F.) )  and  allowed  to  cool  naturally. 

In  this  experiment  great  care  was  taken  that  the  temperature  at 
no  time  reached  the  point  at  which  the  A^  change  occurs.  The 
bars  required  about  half-an-hour  to  attain  a  uniform  temperature  of 
620°  C.  (1,148°  F.)  They  were  then  kept  at  this  temperature  for 
half-an-hour,  when  the  gas  was  turned  off  and  they  were  allowed  to 
cool  slowly  in  the  muflfle. 

Since  the  annealing  temperature  is  well  below  the  A^  point,  it  is 
evident  that  any  change  that  may  have  taken  place  in  the  mechanical 
properties  cannot  be  duo  to  the  solution  of  the  carbide  of  iron  and 
its  subsequent  separation.  Table  2  (page  26)  contains  the  results 
of  the  mechanical  tests  of  this  series  of  bars.  They  are  also  plotted 
in  Fig.  9,  Plate  4. 
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TABLE  2. 

Bars  annealed  at  620°  C.  (I,ld8°  F.)  fur  EaJf-an-hour. 

(  "  Normalised  "  Bars.) 


Carbon. 
Per  cent. 

Breaking  Strain. 

Tons  per 

square  iucli. 

Elastic  Limit. 

Tons  per 
square  iuch. 

Elongation 

on  2  inches. 

Per  cent. 

Reduction  of 

area  at  fracture. 

Per  cent. 

0-130 

No  Tests. 

— 

— 

— 

0-lSO 

30 -GO 

2G-50 

33-00 

G2-85 

0-2.J4 

34-50 

27-78 

24-00 

55 -OG 

0-46S 

37-02 

27-3G 

24-00 

49-70 

0-722 

50-22 

31-G8 

20-50 

33-48 

0-871 

55-02 

29-28 

12-00 

22-11 

0-947 

52-90 

31-20 

15-00 

27-00 

=^1-300 

51-54 

40-92 

3-00 

3-90 

*  Broke  outside  gauge  points. 

It  will  be  seen  tliat  the  meclianieal  properties  of  these  annealed 
bars  differ  considerably  from  those  of  the  bars  as  received  from  the 
rolls.  There  is  little  difference  in  the  breaking  strains  up  to  0*722 
per  cent,  of  carbon,  but  beyond  this  point  to  1  •  306  per  cent,  of  carbon 
the  untreated  bars  are  the  stronger.  There  is,  however,  a  well- 
marked  difference  in  the  cases  of  the  elongation  and  the  reduction 
in  area  of  the  bars  containing  up  to  0*94:7  per  cent,  of  carbon. 
From  these  results  it  is  evident  that  the  changes  which  have  been 
jH-oduced  in  the  0*180,  0-254,  0*468,  and  the  0*722  per  cent,  carbon 
bars  by  annealiug  at  620°  C.  have  mainly  occurred  in  the  ferrite, 
since  the  bars  containing  most  of  this  constituent  show  the  greatest 
increase  in  both  elongation  and  reduction  of  area.  The  rolled  bars 
had  doubtless  been  "  worked  "  after  some  of  the  ferrite  crystals  had 
formed,  and,  in  this  way,  slip-planes  were  produced.  These  planes 
being  more  or  less  parallel  to  the  axis  of  the  bars  were  not  sufficient 
to  affect  materially  the  breaking  strain,  but  they  nevertheless  tended 
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to  reduce  greatly  the  elongation  and  reduction  of  area  in  the 
original  bars.  By  tbo  subscijuent  annealing  of  these  bars  to 
G20°  C.  (1,148°  F.)  the  slip  planes  became  coherent,  and  a  greatly 
increased  elongation  and  reduction  of  area  resulted.  It  will  also 
be  noticed  that  an  increase  in  the  elongation  and  reduction  of  area 
also  occurs  in  the  0-871  and  the  0-947  bars,  but  to  a  less  extent 
than  in  the  previous  cases.  This  is  doubtless  duo  to  the  annealing 
at  620'  C.  effecting  a  better  coherence  between  the  ferrite  and 
cementite  laminae  in  the  peai-lite  of  the  bars.  Since  cementite  itself 
is  not  a  jjlastic  body,  "  slip  "  cannot  easily  take  place  in  it ;  hence 
it  is  impossible  to  improve  greatly  the  elongation  and  contraction 
of  area  of  steels  containing  much  cementite,  by  annealing  at 
temperatures  below  680"  C.  (1,256"  F.). 

Further,  as  sorbite  is  transformed  more  or  less  into  pearlite 
at  a  temperature  far  below  the  Aj  point,  it  is  possible  that  the 
l^lasticity  of  the  bars  has  been  aided  by  this  partial  transformation. 
Reference  to  the  photo-micrographs  on  Plate  18  will  however  show 
that  the  duration  and  temperature  of  this  annealing  has  not  been 
sufficient  to  bring  about  this  change  completely. 

It  will  be  seen,  on  reference  to  Table  2,  and  Fig.  9,  Plate  4, 
that  the  limit  of  elasticity  compared  with  the  breaking  strain  is 
abnoi-mally  high  throughout  this  series  of  bars.  As  the  elongation 
and  reduction  of  area  are  satisfactory,  it  is  possible  that  the 
annealing  of  worked  bars  at  temperatures  immediately  below  A^  may 
have  some  commercial  significance. 

These  results  are  at  variance  with  the  work  of  many  investigators, 
but  they  are  borne  out  by  Brinell  *  and  Axel  Wahlberg  of  Stockholm, 
who  showed  that  iron  and  steel,  especially  if  cold  wrought,  will, 
if  heated  up  to  a  blue  annealing  temperature,  increase  in  toughness, 
and,  in  certain  exceptional  cases,  also  in  tenacity.  The  elastic  properties 
will  be  enhanced  and  the  quality  of  the  material  will  be  improved  in 
most  respects.  Brinell  found  that  by  heating  a  series  of  steels, 
containing  from  0  •  09  to  0  •  84  per  cent,  of  carbon  to  350°  C.  (662°  F.), 
"  the   respective  values  obtained  for  ultimate  stress  show  that  the 
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absolute  strcugtU  is  uot  very  iiiucli  altoroil  in  consequence  of  this 
treatment,  but  that  the  elasticity  of  the  material  is  considerably 
increajfsetl." 

Bauschinger  •  hohls  that  any  heating  below  450"  C.  (842"  F.) 
wouhl,  in  general,  ju-ovo  to  be  iuollective  in  the  case  of  ingot  metals  ; 
whilst  Lodebur  f  states  iu  his  book  that  any  heating  up  to  temperatures 
below  500^  C.  ^932^  F.)  would  prove  to  have  no  influence  on  cold 
wrought  material. 

From  the  results  of  the  authors'  experiments,  it  would  seem 
that  there  is  every  reason  to  believe  that  both  the  elongation 
and  reduction  of  area  in  worked  bars  are  greatly  increased  by 
annealing  at  even  these  low  temperatures,  provided  the  bars  are 
kept  at  these  temperatures  for  a  sufficient  length  of  time  to  allow  the 
slip-planes  and  the  pearlite  laminae  to  cohere. 

It  is  interesting  to  note  that  the  maximum  breaking  strain 
occurs  in  the  0'871  per  cent,  carbon  bar  in  both  the  annealed 
and  unannealed  steel,  and  also  that  there  is  a  sudden  drop  in  the 
clastic  limit  in  the  annealed  bar  at  this  point.  Similar  properties 
have  been  found  to  occur  in  the  eutcctics  of  most  double  alloys, 
notably  those  of  the  copper-silver  and  the  lead-tin  series  ;  and  it 
shows  that  the  intimate  mechanical  mixture  of  a  cutcctic  is  not 
conducive  to  a  high  limit  of  elasticity. 

The  lowering  of  the  breaking  strain  by  annealing  in  the  cases  of 
the  bars  containing  0"871,  0-947  and  I'SOG  per  cent,  of  carbon  has 
been  brought  about  by  the  partial  transformation  of  the  sorbite 
present  into  pearlite. 

Annealing  bars  at  720"  C.  (1,328'  F.)  for  II alf-an-Jiour.— On 
reference  to  the  ecpiilibrium  curve  of  carburised  iron,  given  Fig.  7, 
Plate  3  (which  is  the  curve  published  iu  the  Fifth  Eeport  to  the 
Alloys  Research  Committee,  modified  iu  accordance  with  recent  work), 
it  will  be  seen  that  the  effect  of  this  annealing  is,  in  the  first  place, 

*  Blitthcilangen  aus  dcm  mechanischtccbniBchcnLaboraioriuin  iu  Miincbeii, 
Part  xiii,  pa^e  26. 
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tho  solution  of  tho  constituonts  of  the  poarllte  in  one  another,  and, 
in  the  h)W  carbon  stot'ls,  a  further  partial  solution  of  tho  ferrito 
grains.  Tho  temi>eraturo  of  720  C.  (1,328  '  F.)  was  chosen  for  this 
annealing,  that  being  midway  between  the  Aj  {Kjiut  and  the  chief 
mi\g!ietic  change  puint  A.^. 

The  conditions  of  cooling  wore  the  same  as  for  tho  annealing  at 
620°  C.  (1,148'  F.).  An  autographic  record  showed  that  tho  Ari 
change  extended  over  a  range  of,  approximately,  ten  minutes.  As 
the  bars  were  allowed  to  cool  slowly  in  tho  muffle,  the  conditions 
were  perfectly  favourable  for  the  complete  separation  of  the 
constituents  of  the  steel. 

The  mechanical  results  yielded  by  these  bars  are  given  in 
Table  3,  and  are  also  plotted  in  Fig.  10,  Plate  5 : — 


TABLE  3. 
Bara  annealed  at  720°  G.  (1,328°  F.)fur  Half-an-hour. 


Carbon. 
Per  cent. 

Breaking  Strain. 

Tona  per 

square  inch. 

Eliifitic  Limit. 

Tons  per 
square  inch. 

Elongation  on 
2  inches. 
Per  cent. 

Eeductiun  of 

area  at  fracture. 

Per  Cent. 

0  130 

20  It] 

11-34 

44-50 

73-26 

0-180 

26  •5-2 

14-52 

36-00 

72-54 

0-254 

28-80 

18-24 

32-50 

62-66 

0-468 

32-82 

21-00 

29-00 

58-56 

0-722 

39-96 

22-98 

23-00 

47-88 

0-871 

43-08 

* 

20-00 

40-42 

0-947 

39-30 

* 

22-00 

45-00 

1-30G 

50-58 

» 

7-00 

5-12 

•  No  definite  yield  point. 
If  we  compare  these  results  with  those  of  Table  2  (page  26),  bars 
annealed  at  620"  C.  (1,148'  F.),  it  is  evident  that  the  general  result 
of  this  treatment  has  been  to  increase  greatly  the  elongation  and 
reduction  of  area,  while  the  breaking  strain  has  been  considerably 
reduced  in  every  case. 
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Tlie  clastic  limit,  wliicli  could,  liowcvor,  ouly  be  determined  iu  tlio 
bars  coutaiuiug  from  O'loO  to  0*722  per  cent,  of  carbou,  owiug 
to  there  being  no  indication  on  the  stress-strain  curve,  is  low.  The 
bar  containing  1-30G  per  cent,  of  carbon,  if  compared  with  the 
corresponding  bar  in  Table  2,  will  be  found  to  have  practically  the 
same  breaking  strain,  but  its  elongation  and  reduction  of  area, 
although  low,  are  higher. 

The  exi>lauation  of  these  changes  in  mechanical  properties  is  not 
diflicult  to  find  ;  the  steels  have  been  heated  to  a  temperature  which 
is  only  slightly  above  the  Acj  point,  and  the  cooling  down  has  been 
so  regulated  that  the  Ar^  change  required  ten  minutes  for  its 
completion.  In  the  photo-micrographs  shown  on  Plate  19  it  is 
evident  that,  under  these  circumstances,  the  iron  carbide  has 
separated,  in  the  low  carbon  steels  (0 '  130  and  0  •  180  per  cent,  carbon) 
not  in  the  form  of  pcarlite,  but  as  massive  cementite.  In  the  fcteels 
containing  from  0  *  254  to  0  •  947  per  cent,  of  carbon  this  massive 
cementite  does  not,  however,  occur,  but  the  pearlite  layers  are  much 
larf^er  than  in  the  rolled  bars  and  also  than  iu  those  annealed  at 
G20"^  C.  (1,148^  F.). 

Since  this  series  of  bars  has  been  kept  at  a  temperature  which  is 
but  a  few  degrees  above  the  A^  point,  the  effect  of  the  annealing  is 
practically  the  same  as  a  very  slow  cooling  through  this  point  would 
be.  The  coherence  of  the  cleavage  planes  in  the  ferrite  has  been 
more  complete  than  in  the  620"'  C.  (1,148°  F.)  annealing ;  hence  the 
greater  elongation  and  reduction  of  area  ;  and,  at  the  same  time,  the 
annealing,  or  what  really  amounts  to  a  very  slow  cooling  at  Ar^,  has 
caused  the  iron  carbide  to  separate,  either  massive  or  in  large  flakes, 
hence  the  lowering  of  the  breaking  strain  and  the  elastic  limit. 
The  apparently  anomalous  strength  of  the  1-306  per  cent,  carbon  bar 
is  probably  due  to  the  fact  that  at  720"^  C.  (1,328''  F.)  the  eutcctoid  is 
practically  unable  to  dissolve  the  cementite,  and  the  pearlite  thus 
retains  a  lamellar  structure.  Had  the  temperature  been  higher,  as  is 
shown  in  the  next  experiment,  the  cementite  would  have  been 
dissolved,  largely  granular  pearlite  intermixed  with  cementite 
globules  would  have  separated,  and  the  strength  would  have 
decreased. 
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Axel  Walilberg,*  in  Lis  Piii)or  to  tlio  Irou  aud  Steol  lustituto  iu 
1901,  advocates  the  aiinealiug  of  steel  required  for  structural 
purposes,  lie  states  that:  "  According  to  what  seems  to  be  the  luoht 
commonly  accepted  opinion,  any  wrought  material  is  rendered 
tougher  by  means  of  annealing  and  subsequent  slow  cooling,  while, 
at  the  same  time,  the  strength  and  elastic  projjertics  are  reduced. 
From  a  general  point  of  view  this  is  no  doubt  perfectly  true,  and 
quite  consistent  with  the  structural  changes  occasioned  by  such  a 
mode  of  treatment.  It  is  a  common  saying  with  regard  to  such 
cases  of  annealing,  that  what  is  gained  iu  tenacity  is  lost  iu 
strength  and  elasticity,  and  that  it  is  only  in  the  case  of  unwrought 
material,  such  as  ingots  and  castings,  that  a  general  improvement  of 
all  the  physical  properties  takes  place  in  consequence  of  annealing 
with  subsequent  cooling,  whether  slow  or  sudden."  Further  that 
his  results  "  by  no  means  bear  out  this  idea,  but,  on  the  contrary, 
most  decidedly  tend  to  disprove  it.  They  show  that,  as  a  rule,  a 
judicious  annealing  has  etiected  a  marked  improvement  in  the  tensile 
no  less  than  in  the  ductile  properties."  He  then  gives  experimental 
evidence  showing  that  all  classes  of  steel  are  improved  in  their 
mechanical  properties  by  judicious  annealing ;  he  does  not,  however, 
take  cognisance  of  the  influence  which  the  rate  of  cooling  through 
the  critical  points,  especially  Ar^,  has  on  the  character  of  the  metal. 

The  next  series  of  annealing  will  show  how  very  great  an 
influence  the  rate  of  cooling  through  the  Ar^  point  has  on  the 
mechanical  properties  of  steel. 

Annealing  bars  at  800°  C.  (I,d72^  F.)  for  Half-an-hour. —In  these 
experiments  the  bars  were  allowed  to  cool  in  the  mufile  as  in  the 
previous  annealings,  but  the  autographic  record  showed  that  the  time 
occupied  in  passing  the  Ar^  point  only  averaged  about  seven  minutes, 
instead  of  ten  as  in  the  last  case,  the  more  rapid  cooling  through  the 
Arj  point  probably  being  due  to  the  initial  cooling  from  a  higher 
temperature.  Under  these  circumstances  the  exterior  of  the  muffle 
rapidly  cools,  and  by  the  time  680°  C.  (1,256°  F.)  is  reached  the  heat 
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radiates  more  quickly  than  when  the  muffle  is  cooled  from  720"^  C. 
(1,328^  F.). 

Reference  to  the  equilibrium  curve  of  carburised  iron  on  Fig.  7, 
Plate  3,  will  show  that  the  temperature  of  this  annealing  is  about 
25'  C.  (45"  F.)  above  the  magnetic  change  point  A.^.  Annealing  at 
this  temperature  will  enable  the  pearlite  constituents  to  dissolve  in 
one  another,  and  in  the  steels  containing  less  than  0  •  8  per  cent,  of 
carbon  considerably  more  ferrite  will  be  dissolved  than  in  the  preceding 
experiment. 

The  mechanical  properties  of  the  bars  are  plotted  in  Fig.  11, 
Plate  5,  and  are  also  given  in  Table  4  : — 


TABLE  4. 
Bars  annealed  at  800°  C.  (1,472'  F.)for  Balf-an-liour. 


Carbon. 
Per  cent. 

Breaking  Strain. 

Tons  per 

square  inch. 

Elastic  Limit. 

Tons  per 
square  inch. 

Elongation 

on  2  inches. 

Per  cent. 

Keduction  of 

area  at  fracture. 

Per  cent. 

0-130 

20-10 

10-20 

4G-20 

71-16 

0-lSO 

26-46 

16-08 

35-00 

67-32 

0-254 

29-40 

19-44 

29-50 

58-56 

0-4C8 

33-00 

18-72 

27-50 

45-60 

0-722 

42-48 

* 

17-70 

31-74 

0-871 

52-50 

* 

11-50 

16-92 

0-947 

39-96 

22-50 

18-00 

28-44 

1-306 

39-12 

* 

20-00 

33-90 

*  No  definite  yield  point. 

It  will  be  seen  that  the  breaking  strains  of  the  0*130,  0'180, 
0  •  254  and  0  •  468  per  cent,  carbon  bars  are  practically  the  same  as  in 
the  last  experiment,  whilst  the  0-722  and  0-871  bars  are  much 
stronger,  the  latter  being  markedly  stronger  than  any  other  bar  in 
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the  series  now  under  consitlcration.  lu  this  connection  it  may  bo 
mentioned  that  its  composition  closely  corresponds  with  the  pure 
saturated  steel  of  Arnold. 

It  is  interesting  to  note  that,  while  the  breaking  strain  reaches 
a  maximum  at  this  point,  yet,  at  the  same  time,  the  elongation  and 
the  reJuction  of  area  are  the  lowest  of  the  series,  the  former  being 
only  11*50  and  the  latter  16*92  per  cent.  Up  to  this  point  too, 
generally  speaking,  the  elongation  and  the  reduction  of  area  are 
lower  than  in  the  bars  annealed  at  TSO''  C.  (1,328°  F.),  but  beyond  it 
there  is  a  considerable  increase  in  these  properties. 

Curiously  enough  the  1'3  per  cent,  carbon  bar  is  much  weaker 
than  the  corresponding  bar  annealed  at  720^  C.  (1,328°  F.).  It  will 
bo  remembered  that  there  was  a  similar  decrease  in  the  breaking 
strain  of  the  O'OIT  per  cent,  carbon  steel  annealed  at  720°  C. 
(1,328°  F.)  as  compared  with  that  of  the  bar  before  treatment.  An 
examination  of  the  photo-micrograph  of  this  steel.  Fig.  50,  Plate  19, 
will  reveal  the  fact  that  the  original  pearlite  no  longer  exists  as  such, 
but  has  been  transformed  into  tiny,  more  or  lees  rounded,  masses  of 
cementite.  On  examining  the microstructure  of  the  1*306  percent, 
carbon  steel  annealed  at  800°  C.  (1,472°  F.),  Fig.  59,  Plate  20,  it  will 
be  seen  that  a  similar  change  in  the  pearlite  has  taken  place. 

In  order  that  this  change  may  be  brought  about,  it  appears  to  be 
essential  that  some  of  the  free  cementite  should  be  dissolved  by  the 
eutectoid,  and  that  the  rate  of  cooling  of  the  metal  should  be  slow. 
The  lowering  of  the  breaking  strain  of  the  0  •  947  per  cent,  carbon 
bar  at  720°  C.  (1,328°  F.)  is  due  to  the  fact  that  a  steel  with  this 
percentage  of  carbon  contains  very  little  free  cementite,  and  this  is 
easily  dissolved  at  that  temperature.  In  the  1*306  per  cent,  carbon 
bar,  however,  the  cementite  being  present  in  greater  amount,  a  higher 
temperature  is  therefore  necessary  for  its  solution,  so  that  the 
lowering  of  the  breaking  strain  in  this  particular  case  does  not  occur 
until  the  steel  is  annealed  at  800°  C.  (1,472°  F.). 

It  is  obvious  that  a  mixture  of  massive  cementite  and  globules 
of  cementite  embedded  in  a  matrix  of  ferrite  would  not  be  so  strong 
as  the  ordinary  cementite  and  pearlite  structure.  An  increased 
elongation   and    reduction   of    area   would    therefore   be   expected, 
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and  reference  to  Fig.  11,  Plate  5,  will  sliow  tliat   this   is  actually 
the  case. 

Amiealhuj  Bars  at  900°  C.  (1,652°  F.)  for  Ilalf-an-lmir.— This 
auuealing  temperature  was  cLoscn  because,  at  900''  C.  (1,652''  F.) 
(the  A3  point),  the  whole  of  the  ferrite  dissolves  in  the  solid 
mother  licjuor  to  form  a  solid  solution  of  carbon  in  iron,  or,  in  other 
words,  the  last  of  the  /3  iron  is  transformed  into  the  y  state. 
Annealing  for  half  an  hour  at  this  temperature  will  cause  nearly  all 
the  constituents  of  the  bars  to  dissolve  completely  in  one  another. 
During  the  subsequent  cooling  they  will  again  separate,  and  the 
forms  they  will  assume  will  depend,  to  a  great  extent,  on  the  rate 
at  which  the  steel  is  cooled.  The  conditions  of  cooling  in  this 
experiment  were  practically  the  same  as  in  the  last  case,  except, 
of  course,  that  the  initial  point  was  900°  C.  (1,652°  F.)  instead  of 
800°  C.  (1,472°  F.).  The  results  of  the  mechanical  tests  of  the  bars 
after  annealing  are  plotted  in  Fig.  12,  Plate  6,  and  are  also  given 
in  Table  5  :— 

TABLE  5. 
Bars  annealed  at  900°  C.  (1,652°  F.)  for  Half -an-Tiour. 


Carbon. 
Per  cent. 

Breaking  Strain. 

Tons  per 

square  inch. 

Elastic  Limit. 

Tons  per 
square  inch. 

Elongation 

on  2  inches. 

Per  cent. 

Eeduction  of 

area  at  fracture. 

Per  cent. 

0-130 

21-48 

13-02 

45-00 

71-lG 

0-180 

27-84 

1.V81 

33-50 

GO -24 

0-254 

29-40 

17-28 

32-50 

54-84 

0'4G8 

32-4G 

18-03 

28-00 

4G-2G 

0-722 

43-20 

* 

lG-50 

25-8G 

0-871 

50-40 

* 

n-20 

15-84 

0-047 

51-12 

* 

10-00 

15-42 

t 1-306 

44-52 

* 

5-50 

5-58 

*  No  definite  yield  point. 


t  Broke  at  gauge  points. 
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On  comparing  Table  5  with  the  preceding  one,  it  is  eviilent 
tLat  tliis  treatment  Las  not  materially  altered  the  breaking  strains 
in  the  bars  containing  up  to  0'871  per  cent,  of  carbon.  Beyond 
this  point,  however,  it  Las  increased  tbo  strength  of  the  steel 
considerably,  the  0-1.U7  and  the  1'306  bars  having,  respectively,  a 
breaking  strain  of  ll'lGandS'-i  tons  greater  than  the  same  bars 
annealed  at  800"  C.  (1,472^  F.).  This  indicates  that  it  is  essential, 
in  order  to  obtain  greater  strength  in  bars  of  this  content  of  carbon, 
that  they  should  be  annealed  at  a  temperature  at  which  the  carbide 
is  thoroughly  dissolved ;  then,  on  cooling,  the  cementite  and  pearlite 
are  entirely  reformed.  If  such  steels  are  annealed  at  too  low  a 
temperature  the  free  cementite  is  not,  or  is  only  partially,  dissolved, 
and,  if  partially  dissolved,  fresh  grains  are  produced  on  cooling, 
thus  giving  a  more  minute  structure  and  greater  weakness.  A 
similar  instance  will  be  shown  later  in  the  cases  of  soaking  for 
12  hours  at  800"  C.  (1,472"  F.)  and  900'  C.  (1,G52'  F.).  The  0-871 
per  cent,  carbon  bar  has  no  longer  the  greatest  breaking  strain  of 
the  series,  that  containing  0*947  per  cent,  of  carbon  being  slightly 
stronger.  The  elongation  and  reduction  of  area  are  also  practically 
the  same  as  in  the  800'  C.  (1,472"  F.)  annealing  in  all  the  bars  up  to 
and  including  that  containing  0*871  per  cent,  carbon;  but  the  0*947 
and  the  1  *  306  bars  show  a  considerable  reduction  in  these  properties, 
the  reduction  being  most  marked  in  the  latter,  where  extension  has 
fallen  from  20  to  5*5  per  cent.,  and  the  contraction  of  area  from 
33*9  to  5*58  per  cent. 

The  photo-micrographs  of  this  series,  which  are  given  on  Plate  21, 
indicate  that  segregation  of  the  iron  carbide  has  taken  j^lace  in  the 
0*130,  0*180,  0*254  and  the  0*4G8  per  cent,  carbon  steels,  and  that 
but  little  pearlite  exists  in  them.  This  is  not,  however,  the  case 
with  the  others  ;  in  the  0*722  and  the  1'306  bars  the  carbon  exists 
mainly  as  pearlite,  whilst  the  latter  has  but  little  free  cementite  in 
its  structure,  and  has  evidently  been  partly  "  burnt "  by  the  treatment, 
some  of  the  free  cementite  having  been  decomposed  into  amorphous 
carbon  and  ferrite. 

The  0*871  and  the  0*947  carbon  steels,  which  consist  mainly  of 
pearlite,  have  become  much  more  minute  in  structure  ;  in  fact  their 
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whole  mass  is  matlo  up  almost  entirely  of  granular  pcarlite.  It  is 
probable  tliat  tlio  increased  strength  of  the  0-947  bar  is  due  to  a 
partial  decomposition  of  the  carbide  setting  free  amorphous  carbon  ; 
this  has  practically  made  it  a  saturated  steel,  and  the  loss  of  strength 
in  tlie  0'S71  bar  (the  originally  saturated  steel)  is  due  to  a  similar 
cause.  In  order  to  determine  what  effect  the  duration  of  the 
annealing  has  on  the  structure  of  these  grades  of  steel,  a  series  of 
bars  were  heated  to  900'  C.  (1,652'  F.)  for  ten  minutes  only,  and 
were  allowed  to  cool  under  the  same  conditions  as  the  bars  annealed 
for  half-an-hour  at  the  same  temperature.  They  were  then  examined 
microscopically  and  photographed,  and  the  structures  obtained  are 
represented  on  Plate  22.  It  will  there  be  seen  that  under  these 
conditions  the  carbide  has  separated  in  quite  a  different  manner 
from  that  in  the  bars  annealed  for  half-an-hour.  In  the  bars,  up  to 
and  including  the  0  •  871  steel,  the  pcarlite  has  separated  in  well- 
defined  lamiuBD ;  the  0'947  and  the  1*306  steels  have,  however, 
developed  a  more  or  less  granular  pcarlite.  Unfortunately, 
mechanical  tests  were  not  taken  of  these  bars,  but  one  would 
predict  from  their  structures  that  they  would  be  very  similar  to 
those  of  the  series  annealed  for  half-an-hour  at  800'  C. 
(1,472°  F.).* 

This  experiment  proves  that  not  only  does  the  rate  of  cooling 
affect  the  structures,  but  that  the  time  during  which  the  bars  are 
heated  to  a  definite  temperature  has  a  considerable  influence  on  their 
mechanical  properties. 

Annealing  bars  aa,100°  C.  (2fil2^  F.)  for  Half-an-Jiour.— It  will 
be  seen,  on  reference  to  the  carbon-iron  equilibrum  curve.  Fig.  7, 
Plate  3,  that  this  temperature  is  about  140'  C.  (252°  F.)  above  the 
point  at  which  the  last  portions  of  cementite  pass  into  solid  solution 
in  the  1  •  306  per  cent,  carbon  steel.  Annealing  for  half-an-hour  will 
thus  cause  the  constituents  of  the  steels  to  dissolve  in  one  another 
completely,  and  to  be  retained  for  some  time  in  this  homogeneous 
state  well  above  their  solution  points. 

■^  See  Table  4  (page  32)  and  Plate  20. 
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The  conditions  of  cooling  were  tho  same  as  in  tho  previouH 
annealings,  but  an  autograpliic  record  sliowed  that  tho  averago  time 
for  the  Ati  change  to  take  place  completely  was  only  about  seven 
minutes.  This  was  evidently  partly  due  to  the  increased  rate  of 
cooling,  resulting  from  the  higher  initial  temperature,  and  also  to 
the  partial  decomposition  of  the  Fe^C  in  some  of  the  members  of 
the  series. 

The  mechanical  properties  of  the  bars  are  plotted  in  Fig.  13, 
Plate  6,  and  are  also  given  in  Table  G  : — 


TABLE  6. 
Bars  annealed  at  1,100°  C.  (2,012°  F.)  for  Half-an-hour. 


Carbon. 
Per  cent. 

Breaking  Strain. 

Tons  per 

square  iuch. 

Elastic  Limit. 

Tons  per 
square  ineli. 

Elongation  on 
2  inches. 
Per  cent. 

Reduction  of 

area  at  fracture. 

Per  cent. 

1        0-130 

— 

— 

— 

— 

0-180 

20-91 

15-37 

39-50 

CO -GO 

0-254 

28-11 

15-30 

33-50 

54-77 

'        0-4C8 

31-38 

14-28 

27-00 

40-38 

I        0-722 

42-38 

* 

11-00 

17-21 

1        0-871 

47-69 

* 

11-00 

12-51 

0-947 

49-02 

* 

7-50 

9-07 

1-306 

40-02 

* 

6-50 

8-94 

*  No  definite  yield  point. 

On  comparing  these  results  with  those  yielded  by  the  bars 
annealed  at  900°  C.  (1,C52°  F.),  Table  5  (page  W),  it  will  be  found 
that  the  differences  in  the  breaking  strains  of  the  two  series  are  not 
great,  the  greatest  divergence  being  in  the  0-871  per  cent,  carbon 
bars,  which  show  a  difference  of  2-7  tons  per  square  inch,  that 
annealed  at  1,100°  C.  (2,012°  F.)  being  the  weaker.  It  will  be 
noticed  that  there  is  a  tolerably  close  agreement  as  regards  elongation 
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in  both  sets  of  bars.  As  regards  reduction  of  area,  only  those  bars 
containing  0-180  and  0-251  per  cent,  of  carbon  are  similar,  tlio 
remaining  bars  uf  tlio  series  annealed  at  1,100  C.  (2,012"'  F,),  with 
the  exception  of  the  1-306  bar,  being  loAver  than  those  annealed  at 
900^  C.  (1,652^  F.). 

Since  the  mechanical  properties  of  the  bars  annealed  at 
900^  C.  (1,652°  F.)  and  1,100°  C.  (2,012°  F.)  for  half-an-honr 
are  similar,  one  would  expect  to  find  their  structures  also  much 
alike.  Photo-micrographs  of  the  latter  series  have  been  reproduced 
on  Plate  23,  and,  although  it  will  be  seen  that  the  structures 
of  the  0-130,  0-180,  0-254,  0-468  and  0-722  steel  correspond 
with  those  of  the  former,  yet  the  three  high-carbon  steels  are 
quite  different,  their  structures  indicating  that  they  have  been 
partially  "  burnt."  This  effect  is  even  more  marked  under  a  lower 
magnification  when  the  metal  appears  to  be  composed  of  a  number 
of  grains  bounded  by  more  or  less  straight  lines,  and  exhibits 
a  structure  similar  to  that  shown  on  Fig.  133,  Plate  35.  These  burnt 
structures,  under  the  high  power  (1,600  diameters),  show  a  large 
amount  of  ferrite  and  also  granular  and  massive  cementite,  from 
which  it  would  ajipear  that  part  of  the  iron  carbide  originally  present 
has  been  decomposed  into  iron  and  amorphous  carbon.  To  prove 
that  this  actually  occurs,  some  Fe^C  was  prepared  by  iVbel's 
method  *  from  low-carbon  steel,  and  was  packed  in  a  tube  into  which 
a  thermo-couple  was  introduced.  A  heating  curve  was  then  taken, 
with  the  usual  precautions,  to  about  1,200°  C.  (2,192°  F.),  and  it  was 
found,  on  examining  the  record,  that  two  change  points  had  occurred 
at  about  1,100"  C.  (2,012°  F.).  The  residue  was  then  examined,  and 
found  to  contain  free  carbon. 


Soaking  Experiments. 

SoaJcings. — Since  a  number  of  investigators  have  laid  considerable 
stress  on  the  length  of  time  to  which  steel  required  for  structural 
purposes  should  be  annealed,  and  since  ingots  and  forgings  are,  in 

*  Proceedings,  Institution  of  Mechanical  Engineers,  1883,  page  5C. 
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pmctice,  occasionally  soaked  for  ton,  twelve,  or  more  hours,  it  was 
cousiJoroJ  advisable  to  determine  the  mechanical  properties  of  htcel 
bars  which  had  been  heated  to  definite  temperatures  for  twelve 
Lours.  The  conditions  of  cooling  in  the  following  experiments  were 
similar,  in  every  way,  to  those  in  the  experiments  on  annealing. 

The  extent  to  which  the  changes  in  the  mechanical  properties 
are  actually  due  to  the  long  duration  of  the  annetiling  can  therefore 
be  clearly  shown.  Although  the  rate  of  cooling  through  the  critical 
points,  Ar^  especially,  is  of  the  utmost  importance,  it  will  nevertheless 
be  seen  that  the  duration  of  the  annealing  at  a  definite  temperature 
has  a  very  considerable  influence  on  the  mechanical  properties  of 
the  bars.  The  bars  in  this  series  of  experiments  wore,  after  soaking, 
turned  into  the  form  required  for  the  test-pieces,  so  as  to  avoid 
errors  from  the  oxidised  surface. 

Soaking  Bars  at  620'  C.  (1,148  F.)  for  Ticelve  hours.— The  results 
of  the  mechanical  tests  of  this  set  of  bars  are  plotted  in  Fig.  11, 
Plate  7,  and  arc  also  given  in  Table  7 : — 


TABLE  7. 
Bars  soaked  at  620°  C.  (1,148°  F.)for  Twelve  Hours. 


Carbon. 
Per  cent. 

Breaking  Strain. 

Tons  per 

square  inch. 

Elastic  Limit. 

Tons  per 
square  inch. 

Elongation  on 
2  inches. 
Per  cent. 

Reduction  of 

area  at  fracture. 

Per  cent. 

0-130 

19-75 

10-G4 

48-50 

81-12 

0-180 

2G-81 

14-31 

32-50 

71-43 

0-254 

28 -Gl 

17-22 

31-00 

G5-18 

0-4G8 

32-01 

22-08 

33-00 

57-Gl 

0-722 

40 -03 

21  13 

•29-50 

4G-54 

0-871 

45-25 

21-90 

19-50 

30-82 

0-947 

45-41 

23-15 

18-50 

•27-10 

1-306 

4G-96 

28-29 

11-50 

lG-45 
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From  the  prccciliug  TftLlo  it  will  bo  seen  that  the  breaking  strains 
compared  with  those  of  the  bars  as  received,  havo  been  considerably 
reduced  throughout  the  entire  series,  although  at  no  time  did  the 
temperature  reach  the  A^  point.  As  compared  with  the  G20°  C. 
(1,148^  F.)  bars  annealed  for  half-an-hour,  these  soaked  bars  also  show  a 
diminution  iu  the  breaking  straiu,  wliich,  in  the  0  •  871  per  cent,  carbon 
bar,  reaches  to  about  18  per  cent.  The  elastic  limit  is  iu  every 
instance  less  in  the  soaked  than  in  the  annealed  bars.  The 
elongation  and  reduction  of  area  are,  however,  as  a  rule,  much 
greater  than  iu  the  bars  annealed  for  only  half-an-hour.  This 
increase  is  more  marked  in  the  high-carbon  bars.  It  is  also 
of  interest  to  note  that  the  bars  containing  0*871,  0"947,  and 
1'306  per  cent,  carbon  have  each  practically  the  same  breaking 
stress.  Photo-micrographs  taken  from  this  set  of  bars  are  given 
on  Plate  21,  and  it  will  be  seen  that  but  little  segregation  of  the 
iron  carbide  iu  the  jiearlite  has  taken  place.  It  follows,  therefore, 
that  the  general  diminution  of  strength  and  the  increased 
extensibility  and  reduction  of  area  must  be  due  to  an  increased 
plasticity  of  the  ferrite. 

In  the  low-carbon  steels  this  change  of  properties  has  been 
ascribed  to  the  formation  of  large  ferrite  grains,  which  has  been 
noted  by  Stead  *  and  others  ;  but  the  size  of  the  ferrite  grains  in 
the  bars  containing  more  than  0*18  per  ceut.  of  carbon  has  not  been 
altered  in  the  least  degree  by  this  treatment,  so  that  the  additional 
ductility  must  be  due  to  an  increased  plasticity  within  the  grains 
themselves  as  stated  above. 

Soahing  hars  at  720°  C.  (1,328°  F.)  far  Twelve  Hours.— Th& 
mechanical  properties  of  these  bars  are  given  in  Table  8,  and  are  also^ 
plotted  in  Fig.  15,  Plate  7  :— 

*  Journal,  Iron  find  Steel  Institute,  1903,  II. 
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TABLE  8. 
Bars  soahcd  at  720  C\  (1,328'  F.)/or  Twelve  Hours. 


Carbon. 
IVr  cent. 

1 

Breaking  Straia. 

Tons  piT 

Btjuare  inch. 

Elastic  Limit. 

Ti>n3  jK-r 
squure  inch. 

Elonp^ation 

on  2  inches. 

Per  cent. 

Reduction  of    1 

areu  tit  fracture.  | 

Per  cent.        1 

1 

0-130 

20-00 

1107 

42-50 

73-21 

0-180 

27-75 

7-63 

29-50 

61-11 

0-254 

28-18 

15-81 

31  00 

57-28 

0-408 

29-31 

11-76 

30-50 

42-70 

0-722 

38-11 

16-10 

21-00 

35-97 

0-871 

39-39 

15-28 

19-50 

29-09 

0-947 

33 '73 

14-11 

23-50 

35-44 

1-306 

o3'  oh 

11-09 

26-50 

34-50 

In  a  very  complete  investigation  by  Professor  Heyn,*  of 
Cliarlottenburg,  on  tlae  heat  treatment  of  mild  steel,  lie  found  by 
means  of  bending  tests  that  the  fracture  of  overheated  mild  steel 
generally  shows  a  close  grain,  although  this  is  not  necessarily 
always  the  case  and  depends  on  the  rate  of  cooling.  The  structure 
of  overheated  steel  usually  shows  large  ferrite  crystals,  but  he  does 
not  consider  such  structure  a  proof  that  overheating  has  taken  place, 
as  the  same  structure  may  be  produced  by  prolonged  heating  between 
700°  C.  (1,292^  F.)  and  890''  C.  (l,63i"  F.),  although  such  structures 
are  not  necessarily  accompanied  by  brittleness.  It  will  be  seen  on 
reference  to  the  above  Table  and  the  photo-micrographs  shown  on 
Plate  25  that,  although  the  ferrite  grains  of  the  low-carbon  steels 
are  large,  yet  they  are  not  brittle. 

As  would  be  theoretically  expected,  the  photo-micrographs  show 
that  a  considerable  change  has  been  brought  about  in  the  distribution 
of  the  Fe^C  in  the  bars  by  this  treatment. 


•  Joomal,  Iron  and  Steel  Institute,  1902,  II,  page  73 
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Sinco  this  sot  of  bars  has  been  heatctl  above  A,,  and  the  cooling 
conditions  were  tbo  Bnnic  as  for  tbe  bars  annealed  for  balf-au-liour 
at  7l!0^  C.  (1,328°  F.),  any  alteration  in  tbo  mecbanical  properties  of 
the  liigb-carbon  bars  will  be  duo  to  a  change  of  tbo  distribution  of 
tbe  civrbido  or  to  its  decomposition,  while,  in  addition,  in  the 
istoels  containing  less  than  0*7'22  per  cent,  carbon,  another  factor 
will  bo  introduced,  namely,  the  structure  which  tbo  undissolved 
ferrite  assumes  during  soaking,  more  especially  as  regards 
the  greater  cohesion  of  the  cleavage  planes  of  the  grains.  On 
comparing  tbo  breaking  strains  plotted  in  Fig.  15,  Plato  7, 
with  those  of  the  bars  annealed  for  half-an-hour  at  720"  C. 
(1,328'  F.),  Fig.  10,  Plato  5,  it  will  bo  seen  that  they  arc,  for  all 
practical  purposes,  the  same  ia  both  the  soaked  and  the  annealed 
specimens  as  far  as  the  0*722  jicr  cent,  carbon  bars.  In  the  last 
three  of  the  scries  of  the  soaked  bars  they  arc  considcraldy  less  than 
in  the  corresponding  annealed  bars,  and  this  is  most  marked  in  the 
1*306  per  cent,  carbon  steel  where  there  is  a  decrease  in  strength  of 
17  •  2  tons  per  square  inch.  The  reduction  in  the  strength  of  these 
bars  is  interesting,  as  it  shows  that  prolonged  heating,  at  a 
temperature  which  is  only  a  few  degrees  above  the  A,  point,  causes 
a  marked  difference  in  the  structure  of  the  steel.  The  rate  of 
cooling  through  the  Arj  point  was,  in  this  instance,  slow,  about 
twelve  minutes  being  necessary  to  comitlete  tbo  change.  This 
waa,  of  course,  due  to  tho  prolonged  heating  of  the  muflfle,  causing 
the  surrounding  brickwork  to  become  so  hot  that  cooling  was 
retarded,  and  also  to  tho  initial  temperature  of  cooling  being  so  near 
the  critical  point.  This  slow  cooling  would  also  tend  to  increase 
the  size  of  the  grains  of  tho  structure. 

Photo-micrographs  of  the  0  •  722,  0  •  871,  and  tlic  1  •  30G  per  cent,  bars 
are  given  on  Figs.  05,  9G,  and  07,  Plato  25,  at  a  magnification  of  1,G00 
diameters,  from  which  it  will  bo  seen  that  the  structures  are  abnormal, 
there  ]x;ing  no  pearlite  owing  to  the  comentito  having  separated  in 
the  form  of  small  rounded  masses.  The  low-carbon  steels  of  this 
scries  showed  large  ferrite  grains  and  small  carbide  areas, 
when  viewed  under  the  low  powers  of  the  microscope.  Photo- 
micrographs  taken   at    140   diameters  of    tho   O'lSO,    0-180,  and 
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tho  0'-lG8  per  cent,  carbon  bars  are  shown  on  Figs.  92,  93,  and  I'l, 
riato  25. 

Ou  comparing  tbo  mecbauicul  results  of  tliis  experiment  with 
those  of  the  bars  soaked  for  twelve  hours  at  G20^  C.  (1,148^  F.), 
Plato  24,  it  will  bo  found  that  tho  breaking  strains  of  both  sets  of 
bars  up  to  0'721  per  cent,  of  carbon  are  practically  the  same,  which  is 
exactly  what  one  would  expect  from  theoretical  considerations.  From 
this  point  the  strengths  of  the  bars  soaked  at  720^  C.  (1,328'  F.) 
become  considerably  less  than  those  soaked  at  the  lower  temperature, 
tho  maximum  difference  being  reached  at  the  1-30G  per  cent,  carbon 
bar,  which  is  actually  13 'G  tons  per  square  inch  weaker  than  that 
soaked  at  G20'  C.  (1,118  F.).  The  limits  of  elasticity  are  irregular 
in  the  series  soaked  at  720  C.  (1,328^  F.),  and  are  considei-ably 
lower  than  in  the  corresponding  bars  treated  at  620^  C.  (1,148°  F. ), 
except  in  the  case  of  the  0*130  per  cent,  carbon  steel. 

The  first  six  bars  of  the  two  series  do  not  differ  very  widely  in 
elongation  and  reduction  of  area,  although  those  soaked  at  the  lower 
temperature  give  rather  higher  results.  This  is  not,  however,  the 
case  with  the  last  two  bars  of  each  set,  the  elongation  and  reduction 
of  area  of  the  bars  soaked  at  the  higher  temperature  being 
considerably  in  excess  of  those  of  the  other  series,  tho  0*947  bar 
showing  5  per  cent.,  and  the  1*306  bar  15  per  cent,  more  elongation 
than  the  corresponding  bars  soaked  at  G20^  C.  (1,148°  F.). 

Soahng  Bars  at  900'  C.  (1,652°  F.)  for  Ticehe  Hours.— This 
temperature  was  mainly  chosen  as  it  has  been  so  frequently 
recommended  by  many  workers,  notably  Stead,*  as  a  suitable  uuo 
for  reheating  low-carbon  steels  which  have  become  brittle  from 
various  causes,  such  as  prolonged  annealing  either  immediately 
below  or  above  the  A,  point,  overheating,  or  mechanical  work. 
The  bars  were  treated  in  a  gas-muffle  in  a  similar  manner 
to  the  others,  but  the  rate  of  cooling  through  the  Arj  point  was 
considerably  more  i*apid  than  in  tho  case  of  tho  soaking  at  720"  C. 
(1,328°  F.).     This  was,  of  course,  mainly  due  to  the  higher  initial 
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temperaturo  of  cooling.  The  bars  soaked  at  900°  C.  (1,652°  F.), 
with  the  oxceptiou  of  tho  1-30G  per  cent,  carbon  steel,  biivo  their 
constituents  completely  dissolved,  and,  provided  no  decomposition 
of  the  carbide  takes  place,  they  should,  theoretically,  on  cooling, 
possess  satisfiictory  mechanical  properties,  since  their  structure  is 
entirely  re-formed  by  this  treatment.  The  mechanical  properties 
of  these  bars  arc  plotted  in  Fig.  IG,  Plato  8,  and  are  also  given  ia 
Table  9  :— 

TABLE  9. 

Bars  soalcd  at  900°  C.  (1,652°  F.)for  Twelve  Hours. 


Carbon. 
Per  cent. 

Breaking  Strain. 

Tons  j)er 

square  inch. 

Elastic  Limit. 

Tons  per 
square  inch. 

Elongation  on 
2  inches. 
Per  cout. 

Reduction  of 

area  at  fmcture 

Per  cent. 

OloO 

— 

— 

— 

— 

0-lSO 

20-91 

20-G2 

37-00 

58-80 

0-254 

29-55 

25-09 

29-00 

57-50 

0-4C8 

29-91' 

25-58 

30-00 

43-50 

0-722 

43  21 

:j8-74 

12-50 

14-00 

0-871 

iu:\-2 

42  75 

11-00 

15-30 

0-047 

47-70 

:;o-o7 

11-9(1 

11-00 

1-30G 

44-41 

38-04 

10-00 

11-70 

The  low  breaking  strain  of  the  soaked  1*300  jier  cent,  carbon 
bar  is  evidently  duo  to  the  structure  being  broken  up  into  tiny 
particles  of  cementite,  owing  to  this  constituent  not  being  entirely 
dissolved  at  this  temperature  and  to  fresh  grains  of  it  being  formed 
during  the  subsequent  cooling.  The  structure  thus  becomes  fine 
grained  and  the  strength  is  lowered.  In  this  series,  as  in  tho 
annealings  at  720°  C.  (1,328°  F.),  the  maximum  strength  occurs  in 
the  0-871  (saturated)  steel. 

"When  the  above  results  are  compared  with  those  of  the  bars 
annealed  at  620'  C.  (1,148  F.),  Table  2  (page  26),  and  Fig.  9,  Plate  1, 
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it  will  be  scon  that  the  Itreaking  strains  of  the  soaked  bars  aro  all 
lower  ou  au  average  by  about  G  tons,  tho  diflereuco  being  least 
in  tho  secoml  bar  of  the  series.  The  elongations  are,  however, 
much  greater  in  tho  case  of  the  soaked  bars  up  to  0"168  per  cent, 
of  carbon  and  lower  in  tho  others.  As  regards  reduction  of  area, 
the  Soaked  burs  are  all  lower,  except  that  coutiiiuing  0'251  per 
cent,  of  carbon. 

It  is  interesting  to  note  that  the  bars  soaked  at  900''  C.  (1,G52'  F.) 
give  higher  breaking  strain  and  elastic  limits  for  the  whole  series 
than  those  soaked  at  720°  C.  (1,328°  F.).  The  elongation  is, 
however,  greater  only  in  the  bar  containing  0*180  per  cent,  of 
carbon.  Beyond  this  point  this  condition  is  reversed,  the  bars 
soaked  at  720°  C.  (1,328°  F.)  giving  higher  results  for  the  rest  of 
the  series.  The  reduction  of  area  is,  with  one  exception,  greater 
in  the  bars  soaked  at  720^  C.  (1,328°  F.). 

The  breaking  strains  of  the  bars  soaked  at  900"  C.  (1,652°  F.)  agree 
well  with  those  of  the  bars  annealed  for  half-an-hour  at  the  same 
temperature,  practically  the  only  discrepancy  occurring  in  tho 
0  •  947  bars,  the  annealed  bar  being  stronger  than  the  soaked  bar  by 
3  •  3G  tons  per  square  inch. 

The  elongation  is,  on  the  whole,  greater  in  the  soaked  bars,  but 
this  does  not  .also  apply  to  the  reduction  of  area ;  in  this  property 
the  soaked  and  annealed  bars  agree  fairly  well  in  four  cases,  but  in 
the  0*722  and  the  0*947  steels  the  soaked  bars  are  lower  than  the 
annealed  ones.  The  annealed  1*30G  bar,  however,  gives  less 
elongation  than  the  soaked  one. 

The  limit  of  elasticity  in  these  soaked  bars  is  particularly  high 
throughout  the  whole  series,  and  it  will  be  observed  that  in  the 
0*180,  0"254  and  the  0*4G8  soaked  bars  it  is  roughly  on  an 
average  30  per  cent,  higher  than  in  those  annealed  at  the  same 
temperature. 

For  practical  purposes  this  fact  is  probably  of  the  greatest 
importance,  as  it  lends  weight  to  the  view  that,  with  a  suitable 
ordinary  carbon  sttel,  it  may  bo  possible  to  produce,  by  annealing 
alone,  a  metal  which  vnll  be  suitable  for  such  purposes  as  tho 
construction   of    gun-tubes    and   axles.      As   all   manufacturers   of 
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crclnance  know,  it  is  difficult  to  obtain  a  uniform  tensile  strength  and 
elastic  limit  in  a  large  gun  ingot  by  quenching  in  oil  and  subsequent 
annealing.  The  quenching  is  always  a  delicate  operation  on  account 
of  the  size  of  the  ingot  under  treatment,  and  it  occasionally  happens 
that  the  whole,  or  part  of  it,  has  fallen  below  the  temperature  of  the 
Acj  point  before  the  ingot  is  actually  immersed  in  the  oil,  the  result 
being  an  ingot  with  a  low  limit  of  elasticity.  There  is  also  a 
considerable  amount  of  danger  in  re-heating  a  gun-tube  during  the 
process  of  tempering.  A  gun-tube  which  has  been  improperly 
quenched  and  annealed  is  a  considerable  source  of  danger,  especially 
when,  after  the  erosion  of  its  bore  by  firing,  a  "  liner  "  is  introduced. 
If  the  original  tube  has  not  been  properly  quenched,  but  the  "liner" 
has  received  correct  treatment,  a  space  will  gradually  develop, 
during  use,  between  the  "liner"  and  the  tube,  owing  to  the 
low  elastic  limit  of  the  latter,  and  this  will  probably  end  in  the 
fracture  of  both  tubes.  Guns  with  steel  tubes,  strengthened  externally 
with  vrrought-iron  coils,  have  been  known  in  some  instances  to  burst  * 
explosively.  Although  this  last  statement  presents  an  extreme  case, 
since  wrought-iron  has  a  very  low  elastic  limit,  it  nevertheless  shows 
the  importance  of  using  material  as  homogeneous  as  possible  in  the 
construction  of  a  piece  of  ordnance.  By  using  annealed  steels  for 
such  purposes,  the  possibility  of  obtaining  a  homogeneous  gun  would 
be  much  greater  than  by  quenching  in  oil  and  annealing.  Of  course 
it  would  be  necessary  to  use  steel  containing  rather  more  than  0*35 
per  cent,  of  carbon  for  this  purpose,  in  order  to  obtain  the  necessary 
limit  of  elasticity ;  but,  even  then,  it  is  highly  probable  that  such  a 
steel  would  withstand  the  effects  of  shock  better  than  an  ordinary 
oil-tempered  gun  steel,  on  account  of  its  more  stable  condition. 
The  necessary  mechanical  properties  for  the  construction  of  ordnance 
have  been  obtained  in  soaked  and  slowly  cooled  low-carbon 
"special"  steels,  and  Table  9  (page  44)  certainly  indicates  the 
possibility  of  the  use  of  an  ordinary  "  soaked  "  carbon  steel  for  this 
purpose.     If  similar  conditions  as  regards  mechanical  properties  can 


♦  Morgan.    Handbook  of  Artillery  Materiel,  page  3. 
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bo  obtained  on  a  largo  scale  from  annealed  ordinary  carbon  steels, 
there  will  bo  the  additional  advantage  wLicL  such  steels  otlerin  their 
power  of  withstanding  resistance  to  percussion.  The  elastic  limits 
given  in  this  Table  are  tho  more  remarkable,  as  the  steels  contain  such 
small  percentages  of  manganese,  averaging  not  more  than  0  •  2  per  cent. 
Further,  it  is  well  known  that  imperfect  quenching  sets  up  internal 
strains  in  steel  which  are  not  entirely  eliminated  by  the  subsequent 
annealing,  owing  to  the  variation  in  the  density  of  the  metal 
throughout  the  mass.  That  this  variation  is  considerable  is  well 
shown  iu  Table  9a  compiled  by  Metcalfe  and  Lungley : — 


TABLE  9a. 


u 


Specific  Gravity. 


Kolled  Hardened  Hardened  Hardened  Hardened  Hardened 
Of  the  !,„*„_'  ofnnop  at  about  ;  at  about  ,  at  about  at  about 
ingot.  L„!5JJ.o'^  n  M-iov  \  800°  C.  |  900°  C.  1.100''  ('.  1.250°  C. 
namenea.  (,i,^J/  t •; (1^4720 f.) (1,652°F.) (2,012-  F.) (2,282° F.) 


1 

7 

•818 

7 

•791 

7 

789 

7 

752 

7 

744 

7 

090  ' 

0-529 
0^649 
0-841 
©•871 
1^005 
1-079 


7-481 
7-829 
7-824 
7-818 
7-807 
7-805 


7-844         7-831 

7-824     i     7-806 

7-829         7-812 

7-825 

7-826 

7-825 


7-826 
7-849 
7-808 


7-823 
7-830 
7-780 


7-790 

7-773 

7-758 

7-812 

7-789 

7-755 

7-811 

7-798 

7-7G9 

7-814 
7-811 
7-784 
7*755 
7-749 
7-741 


In  a  steel  which  has  been  heated  for  some  considerable  time 
above  its  critical  points  these  strains  no  longer  exist,  and  the 
advantage  of  using  such  a  steel,  provided  it  satisfies  the  condition  of 
strength,  &c.,  is  obvious.  An  ordinary  gun-steel  which  has  been 
quenched  in  oil  at  about  (871°  C.)  l.GOO'  F.,  and  afterwards  annealed 
at  a  temperature  of  about  (482°  C.J  900'  F.,  is  accepted  if  it  satisfies 
the  following  conditions  : — 
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1.  The  test-picco  before  testing  is  provided  with  two  gauge- 
points  accuratolv  ndjustod  2  inches  apart,  and  is  subjected  in  tlio 
testing  machine,  in  the  first  instance,  to  a  load  of  21  tons  per  scjuaro 
inch  ;  should  the  machine  record  any  yielding  point  before  this  load 
has  been  reached,  the  same  is  noted.  The  load  is  next  entirely 
removed  and  the  test-piece  measured.  The  permanent  elongation 
under  the  load  of  21  tons  per  square  inch  must  not  exceed  0*  03 
inch.  The  load  is  then  again  applied  until  the  breaking  point 
is  reached,  and,  should  the  breaking  strain  bo  less  than  34,  or 
more  than  -l-i  tons  per  square  inch,  the  thermal  treatment  of  the 
steel  is  repeated.  This  is  also  done  should  the  elongation  be  less 
than  17  per  cent.  On  comparing  the  above  tests  with  those  obtained 
from  the  bars  soaked  at  900°  C.  (1,G52°  F.),  Fig.  IG,  Plato  8,  it  will 
be  seen  that,  by  arranging  the  percentage  of  carbon  correctly, 
it  is  possible  to  obtain  a  metal  possessing  suitable  properties 
for  the  manufacture  of  ordnance,  and  there  is  every  reason  to 
believe  that  such  a  metal  would  have  the  additional  advantage 
of  an  increased  resistance  to  "  shock,"  as  has  already  been 
pointed  out. 

The  necessity  of  obtaining  a  good  tough  steel  with  a  high  elastic 
limit  also  applies  in  the  case  of  axles.  The  effects  on  the  structures 
of  axles  when  submitted  to  oil-quenching  treatment  will  be  described 
later  under  "  oil-quenching." 

Soaling  hars  at  1,200  C.  (2,192  F.)  for  Ticclve  Hours.— This  set 
was  soaked  at  this  high  temperature  mainly  to  determine  the  effects 
of  the  decomposition  of  the  FcaC  in  the  high-carbon  steels  on  their 
mechanical  properties. 

The  results  of  the  mechanical  tests  arc  plotted  in  Fig.  17,  Plate  8, 
and  are  also  given  in  Table  10  : — 
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TABLE  10. 
Bars  soaked  at  1,200°  C.  (2,192°  F.)  for  Twelve  Uours. 


Carbon. 
Per  cent. 

Breftkin'T  Strain. 

Tons  per 

square  inch. 

Elastic  Limit. 

Tons  per 
square  inch. 

Elonpation  on 
2  inches. 
Per  cent. 

Reduction  of 

area  at  fracture. 

Per  cent 

0130 

— 

— 

— 

— 

0-180 

'25-27 

20-7G 

18-00 

5'J-oO 

0-254 

24 -80 

17-00 

12-50 

50-80 

0-4C8 

29-10 

23-79 

16  00 

38-80 

0-722 

4017 

29-91 

11-00 

11-30 

0-871 

29-55 

21 -65 

20-00 

40-20 

0-947 

24-02 

20-09 

20-00 

37-50 

1-30G 

35-93 

20-77 

33-00 

21-70 

On  comparing  the  above  results  with  those  of  the  bars  soaked  at 
900°  C.  (1,G52°  F.),  it  will  be  found  that,  up  to  the  0-722  per  cent, 
carbon  steel,  the  breaking  strain,  although  less  in  the  present 
instance,  does  not  differ  widely.  In  the  bars  with  a  higher 
percentage  of  carbon,  however,  the  breaking  strain  is  much  lower, 
the  decrease  in  the  last  three  bars  being  19-8,  23-7  and  8-5  tons 
respectively.  As  would  be  expected,  the  elastic  limit  too  is  lower, 
while  there  is  a  well-marked  increase  in  both  the  elongation  and 
reduction  of  area,  especially  in  the  three  high-carbon  bars.  This 
considerable  alteration  in  their  mechanical  properties  is  due,  to  some 
extent,  to  the  partial  decomposition  of  the  Fe^C  into  amorphous 
carbon  and  iron,  and  also  to  the  fact  that  the  masses  are  now 
composed  of  large  crystals,  whicli  are  bordered  more  or  less  by 
straight  lines.  Photo-micrographs  of  such  crystals  are  shown  on 
Fig.  133,  Plate  35,  and  on  Fig.  113,  Plate  3G,  at  magnifications  of 
20  and  140  diameters  respectively.  The  former  was  prepared  from 
a  gun  ingot,  which  had  not  been  reheat^,  while  the  latter  was 
prepared  from  an  ingot  as  cast,  containing  0  - 18  per  cent,  of  carbon. 
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It  is  Well  known  tLat  by  boating  bigb-carbon  steels  to 
1,200^  C.  (2,192^  F.)  tbcy  become  "burnt,"  wbcn  dark  coloured 
crevices  develop  between  tbo  crystals,  even  altbougb  tbe  steel  bas 
been  allowed  to  cool  slowly.  Pboto-micrograpbs  of  a  die  steel 
containing  0-S  per  cent,  of  carbon,  wbicb  bas  been  "  burnt "  and 
tbcn  slowly  cooled,  arc  sbown  in  Figs.  159  and  IGO,  Plate  00,  at 
magnifications  of  110  and  850  diameters  respectively.  Tbe  dark 
crevices  or  patcbcs,  above  referred  to,  are  clearly  visible  in  botb 
figures. 

In  tbis  scries  tbe  maximum  streugtb  occurs  in  tbo  0-722  per 
cent,  carbon  bar,  and  tbe  minimum  reduction  of  area  also  occurs 
at  tbe  same  point.  Tbe  elastic  limit,  as  compared  witb  tbe  breaking 
strain,  is  particularly  bigb  tbrougbout  tbo  series. 

It  is  interesting  to  note  tbat  tbe  elongation  is  considerably  less 
in  tbe  soaked  tban  in  tbe  bars  annealed  at  1,100"  C.  (2,012-  F.), 
wbUe  tbe  reduction  of  area  is  practically  tbe  same  in  botb  cases.  In 
tbe  bigber  carbon  bars,  bowever,  tbo  elastic  limit  and  reduction  of 
area  are  greatly  increased. 

Tbat  tbe  cbanges  in  tbe  mecbauical  properties  of  tbe  bars 
soaked  at  1,200'  C.  (2,192°  F.)  arc  due  to  prolonged  beating  is 
proved  by  tbe  fact  tbat  tbe  bars  annealed  for  balf-an-bcur  at  1,100°  C. 
(2,012'  F.),  wbicb  were  cooled  at  approximately  tbe  same  rate  as  tbe 
former,  do  not  diiler  very  greatly  from  bars  annealed  at  mucb  lower 
temperatures.  Tbe  most  noteworthy  features  in  tbis  set  are  tbe  very 
great  elongation  and  reduction  of  area  in  tbe  tbree  bigb-carbon  bars. 

Uabdening  Experiments. 

Uardcning  bars. — By  beating  steels  to  tbo  hardening  temperatures, 
some  or  all  of  tbo  iron  carbide  is  dissolved  in  tbo  iron,  and  tlio 
latter  is  restrained  from  reverting  to  its  soft  condition  by  sudden 
cooling.  Witbin  certain  limits,  tbo  more  rapidly  the  beat  is  abstracted 
from  tbe  bar  tbe  more  effective  will  be  tbe  hardening.  The  rate  at 
which  the  beat  is  abstracted  from  the  steel  and  the  final  temperaturo 
of  the  quenching  liquid  greatly  influences  the  hardness  of  the  metal. 
It   is   upon    this    that    the    vaiious   properties    of    the  numerous 


Jan.  1901.  ALLOTS   nKSKAncir.  T)! 

nostrums  for  hixrtlouing  stool  ileponJ.  Tho  tcmpon\tiire  of  tho  l)atli 
luust  not  Ik)  much  altorctl  tluring  tho  quenching  of  the  metiil,  or  tho 
Imrdening  of  tho  bur  will  not  bo  uniform;  thorcforo,  in  onkr  to 
prevent  a  largo  rise  of  tomporaturo  during  tho  quenching,  it  is 
necessary  to  employ  a  cousiilerablo  volume  of  liquid.  At  one  time 
it  was  generally  believed  that  it  was  merely  necessary  to  heat  steel 
containing  say  0-8  per  cent,  carbon  to  its  Aj  point,  or  slightly 
above  it,  in  order  to  obtain  effective  hardening  in  water,  but  it  has 
been  proved  by  the  author  (Sir  W.  Roberts- Austen),  at  the  Royal 
Mint,  that  tools,  such  as  steel  dies,  are  not  properly  hardened  in  water 
at  temperatures  much  below  850°  C.  (1,5G2°  F.),  and  care  must  bo 
taken  that  tho  whole  mass  of  steel  is  at  this  temperature  at  the  time 
of  quenching.  Steels  containing  more  or  less  carbon  will,  of  course, 
require  higher  temperatures  than  those  near  the  saturation  point.  The 
theoretical  points  are  indicated  by  lines  in  tho  equilibrium  curve. 
Fig.  7,  Plato  3. 

Steels  are  either  '*  quenched  right  out "  in  a  liquid,  or  they 
are  quenched  according  to  the  broken  hardening  method  of 
Jarolimek,  which  consists  in  cooling  the  steel  quickly  to  400°  C. 
(752^  F. )  and  then  allowing  it  to  cool  slowly.  Such  a  quenching 
is  generally  done  by  dipping  the  steel  into  fused  lead  or  tin,  the 
temperature  of  which  is  below  that  point. 

For  the  purjioses  of  this  Report,  however,  only  the  first  method 
was  employed,  and  the  tempering  etVect  of  Jarolimek's  aethod  was 
obtained  in  the  oil-quenched  bars  by  subsequent  annealing  at  definite 
temperatures. 

On  account  of  tho  delicacy  of  the  operation  of  quenching, 
it  is  necessary  to  use  the  utmost  caution  to  ensure  the  correct 
temperature  of  tho  steel  at  immersion,  and  also  the  instantaneous 
placing  of  the  metal  in  tho  bath  on  removal  from  the  furnace. 
It  is  of  paramount  importance  that  this  latter  ojieration  be 
expeditiously  carried  out,  as  any  delay  may  lead  to  <iuenching  at 
too  low  a  temperature,  and  the  results  thus  obtained  be  rendered 
inaccurate. 

The  liquids  generally  used  in  practice  for  quenching  steels 
vary  considerably.     Tho  most   common   hardening  liquid  is  water, 
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although  that  caunot  bo  considered  altogether  satisfactory,  as 
the  steam  developed  on  tho  surface  of  the  metal  prevents  proper 
conduction,  resulting  in  an  imperfect  quenching.  Tho  conductivity 
of  water  is  occasionally  improved  by  tho  addition  of  a  small 
percentage  of  such  substances  as  sulphuric  acid,  salt  and  sal 
ammoniac  ;  it  may  be  diminished  by  the  addition  of  such  substances 
as  milk  of  lime,  soap  or  methylated  spirit.  Mercury  is  sometimes 
emi>loyed,  it  having  tho  advantage  of  cooling  the  steels  veiy 
quickly,  and,  if  in  sufficient  bulk,  hardening  uniformly,  owing 
to  the  fact  that  it  does  not  give  off  sufficient  vapour  to  prevent 
intimate  contact.  A  good  method  of  quenching  small  objects  is  to 
immerse  them  in  a  liquid,  such  as  water  which  is  floating  on  a 
bath  of  mercury.  Some  very  fine  siDCcimens  of  martensite  have 
been  obtained  in  the  Research  Laboratory  at  the  Eoyal  Mint  by 
employing  this  method.  Oils  are  used  to  a  great  extent  for  steel 
which  is  required  to  withstand  rapid  alternations  of  strain  within  its 
clastic  limits.  For  this  purpose  fish  oils,  on  account  of  their 
cheapness,  are  largely  employed.  Tallow  and  mixtures  of  oil  and 
tallow  are  also  frequently  used.  Mercury,  oil  and  fats  are  in  most 
cases  cooled  by  water-tanks.  For  the  purposes  of  this  Eesearch,  it 
was  considered  inexpedient  to  add  either  acids  or  salts  to  tho  water 
used  fur  quenching  the  steels,  but  in  every  case  the  bars  were 
vigorously  stirred  in  tho  water  so  as  to  ensure  good  contact. 
Several  series  of  bars  were  quenched  in  water  and  others  were 
quenched  in  oil ;  with  one  exception,  however,  all  the  bars  quenched 
in  oil  were  afterwards  reheated  to  some  definite  temperature. 

It  will  be  well  to  describe,  at  this  point,  the  manner  in  which 
the  operation  of  quenching  was  effected  : — A  piece  of  wrought-iron 
tube  was  placed  in  a  gas-muffle,  and  the  test-piece,  with  a 
thermo-couple  attached,  was  inserted.  The  gas  was  regulated  until 
the  required  temperature  was  obtained,  and  the  bar  was  kept  at  this 
temperature  for  five  minutes.  It  was  then  suddenly  removed  from 
the  tube,  by  means  of  the  couple-wire,  and  instantly  immersed  in  the 
bath,  which  was  maintained  at  20''  C.  (08''  F.).  It  remained 
there  until  it  attained  the  same  temperature  as  tho  liquid  in 
the  bath,  during  which  time  it  was  kept  in  a  state  of  vigorous  motion. 
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Tbo  results  obtaiueil  by  "  watcr-qiiouchiug "  at  Jtfiuito 
temperatures  will  now  bo  considered. 

Qncnchinri  hars  at  720^  C.  (1,328°  F.)  in  Water.— By  quenching 
bars  at  this  temperature  in  water,  the  whole  of  the  original  pcarlito 
will  be  retained  in  the  form  of  sorbite  or  marteusite.  The  pcarlite 
in  steels  below  the  saturation  point  will  dissolve,  but  little  furrito 
and  only  a  small  amount  of  FeJ^  will  be  taken  up  by  those  above 
it.  The  results  of  the  mechanical  tests  of  this  set  of  bars  are  shown 
in  Table  11,  and  are  also  plotted  in  Fig.  18,  Plate  9  : — 

TABLE  11. 
Bars  quenched  at  720°  C.  (1,328°  F.)  in  Water  at  20°  C.  (68°  F.). 


Carbon.      ^'^TonfSr^' 
P^'^*^^"^     ■    square  iuch. 


Elnstic  limit.  I  Elonp:ation  on       Reduction  of 

Tons  per      i       2  inches.        area  at  fracture, 
square  inch.         Per  cent.       i       Per  cent. 


0-130 

3G-1S          1 

* 

22  00 

60-20 

0-180 

44-82 

* 

1400 

46-92 

0-254 

43-20 

* 

13-70 

45-96 

0-468 

39-00 

* 

21-00 

48-78 

0-722 

51-00 

* 

17-50 

32-92 

0-871 

54-84 

* 

15-80 

29-58 

0-947 

5G-04 

m 

12-00 

-24-78 

1-306 

56-94 

* 

8-80 

15-84 

*  No  definite  yield  point. 

It  will  be  seen  that  the  mechanical  properties  of  the  bars  after 
this  treatment,  when  compared  with  those  of  the  original  bars. 
Table  1  (page  24),  and  Fig.  8,  Plate  4,  nearly  confirm  the  statements 
contained  in  the  excellent  Paper  of  Brinell  and  Wahlberg,*  to  the 


*  Journal,  Iron  and  Steel  Inst.  1901,  II,  page  247. 
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oflfect  tliat :  ''  tho  changes  iu  the  steel,  in  consequence  of 
lianleuing  at  75lt  C.  (1,382'  F.)  without  subsequent  annealing, 
might  bo  compared  with  those  ollecteil  by  cold  working ;  tho 
action  of  whieh  treatment  towards  rcdueing  the  ductile  properties 
is  also  more  olloetive  in  softer  materials  than  in  harder  ones."  Our 
results,  as  regards  breaking  strain  and  elongation,  except  in  the  case 
of  the  three  low-carbon  steels,  are  in  accordance  with  the  views 
expressed  by  Brinell  and  Wahlberg.  It  is  evident,  however,  that 
hardening  at  720"  C.  (1,328"  F. )  docs  not  cause  a  notable  increase 
in  the  breaking  strains  of  steels  as  compared  with  those  "  as  rolled," 
except  in  the  case  of  low-carbon  bars,  such  as  the  first  three  of  this 
series.  Curiously  enough  the  reduction  of  area  of  the  quenched 
bars  is  very  considerably  in  excess  of  that  of  the  untreated  bars. 
On  comparing  the  results  in  Table  11  (page  53)  with  those  of  the 
''  normalised  "  bars  in  Table  2  (annealed  at  620^  C),  it  is  evident 
that,  as  regards  breaking  strain,  elongation  and  reduction  of  area, 
the  diflerences  are  practicallj^  confined  to  the  0*180,  0"254:  jier  cent. 
carbon  bars.  In  this  resjiect  our  results  are  also  in  agreement  with 
those  of  Brinell  and  Walilberg.  Sections  from  these  bars,  when 
examined  microscopically,  show  that  the  pearlite  areas  have  been 
converted  into  martensite  or  sorbite  by  the  quenching,  the  hardening 
being  thus  effected.  The  structures  obtained  by  quenching  a  steel 
containing  0*47  per  cent,  of  carbon  at  720"  C.  (1,328"  F.)  arc  shown 
in  Figs.  139  and  140,  Plate  3C,  at  magnifications  of  140  and  850 
diameters  respectively.  It  will  be  seen  that  the  steel  is  composed  of 
ferrite  and  martensite  or  sorbite. 

Quenching  Lars  at  800^  C.  (1,472^  F.)  in  Water.— The  structural 
effect  of  quenching  the  bars  at  800'  C.  (1,472°  F.)  is  the  solution  of 
more  ferrite  or  eementite  than  in  the  case  of  the  quenching  at  720"  C. 
(1,328''  F.),  and  consequently  the  spaces  occupied  by  the  martensite 
or  sorbite  are  greater.  Tho  effect  of  this  change  of  structure  is  to 
harden  the  bars  and  increase  their  tenacity. 

The  results  of  the  mechanical  tests  are  plotted  in  Fig.  19,  Plate  9, 
and  given  in  Table  12 : — 
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TABLE    12. 
Bars  quenched  at  800"  C.  (1,472'  R)  In  Water  at  20"  C.  (68''  F.) 


Carbon. 
I'er  ceut. 

I3realving  Strain. 

Tons  per 

equaro  inch. 

Elastic  Limit. 

Tons  per 
square  inch. 

Elongation  on 

•J  inches. 
Per  cent. 

deduction  of 
area  at  fracture. 
Per  ceut.        1 

0-130 

3S-SS 

t 

21-70 

5'J-94 

0-lSO 

49  02 

t 

14 -Sit 

51-CO 

0-254 

52-38 

t 

G-50 

8-94 

0-40S 

61-2G 

t 

1-60 

G-00 

0-722 

* 

— 

— 

— 

0S71 

» 

— 

— 

— 

0-947 

« 

— 

— 

1-30G 

70-02 

t 

0-50 

1-32 

Broke  in  clips. 


t  No  defiuite  yield  point. 


Unfortunately,  as  shown  above,  the  0*722,  0-871  and  the  0-917 
per  cent,  carbon  bars  broke  in  the  clips;  the  others  arc,  in  their 
mechanical  properties,  allowing  for  the  difiference  of  temperature, 
entirely  in  agreement  with  Brinell's  second  series  of  (luenchings  at 
850'  C.  (1,5G2"  F.).  On  comparing  the  breaking  strains  of  this 
series  with  those  of  the  rolled  bars,  it  is  evident  that  the  quenching 
has  very  considerably  increased  the  tenacity  of  the  first  four  bars, 
and  the  strength  of  the  1  •  306  per  cent,  carbon  bar  has  also  increased 
from  56-11  tons  to  70*02  tons  per  square  inch. 

On  comparing  the  results  in  this  Table  with  those  of  the 
"normalised"  bars  ( 620^  C.  annealings,  page  2G),  it  will  be  foxiud 
that  the  breaking  strains  of  the  quenched  bars  are  considerably 
increased,  while  as  regards  elongation  and  reduction  of  area  there 
is  a  very  marked  diminution. 
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Photo-nucrogrftplis  tnkcn  from  tliis  set  of  bars  exhibit  larger 
carbide  areas  thau  those  of  the  quenchings  at  720''  C.  (1,328°  F.); 
the  bars  containing  less  than  0'89  per  cent,  (the  outectoid)  of  carbon 
being  made  up  of  forrito  and  martcnsitc  and  presenting  structures, 
under  a  magnification  of  1,G00  diameters,  similar  to  that  shown  on 
Fig.  Ill,  Plate  36.  The  bars  containing  more  than  the  eutectoid 
arc,  of  course,  made  up  of  martensite  and  cemcntite. 

Qucnchuig  bars  at  900^  C.  (1,G52°  F.)  in  Water.— Tho  effect  of 
quenching  at  this  temperature  is  to  convert  the  structures  of  the 
bars  from  the  O'25'l  to  the  0-871  per  cent,  carbon  steel,  inclusive, 
entirely  into  martensite.  The  0  •  130, 0  •  180,  0  •  947  and  the  1  •  306  per 
cent,  carbon  bars  are,  however,  only  partly  converted  into  martensite, 
being  mainly  composed  of  cementite  globules  of  various  dimensions 
in  a  matrix  of  ferrite  and  martensite. 

A  i)hoto-micrograph  of  the  0  ■  722  per  cent,  carbon  bar  is  shown 
on  Fig.  98,  Plate  20.  This  is  typical  of  the  martensite  produced  by 
quenching  at  this  temperature.  Figs.  99  and  100,  on  the  same  Plate, 
represent,  respectively,  the  0*9-17  and  the  1-300  per  cent,  carbon 
bars,  from  which  it  will  be  seen  that  both  steels  are,  as  stated 
above,  composed  of  cementite  embedded  in  matrices  of  ferrite  and 
martensite. 

The  results  of  the  mechanical  tests  arc  plotted  in  Fig.  20, 
Plate  10,  and  are  given  in  Table  13  (page  57). 

There  are,  unfortunately,  no  results  in  r>rincirs  Paper  for 
comparison  with  tlieso  quenchings,  as  Brincll  did  not  treat 
any  bars  at  this  temperature.  On  comparing  the  mechanical 
properties  of  the  bars  dealt  with  in  this  Table  with  those  of  the 
original  bars,  it  will  be  found  that  there  is  a  noticeable  increase  in 
Ihe  breaking  strain  and  a  remarkable  decrease  in  the  elongation  of 
the  quenched  bars  containing  from  0  *  180  to  0  •  722  per  cent,  of  carbon. 
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TABLE  13. 
Bars  quendicd  at,  900^  C.  (1,652''  F.)  in  Water  at  20'  C.  (08°  F.). 


Ou-bon. 
Per  cent 

Brcakiii'.;  Strain. 

Tons  per 

square  iuch. 

Elnstic  Limit. 

Tons  per 

squure  inch. 

Elontration  on 
2  inches. 
I'er  cent 

Reduction  of 

area  at  fracture. 

Per  cent. 

0-130 

32  34 

24-30 

28-20 

70-20 

0-180 

49-92 

6-50 

35-28 

0-254 

70-32 

3-SO 

13-44 

0-468 

55-44 

1-00 

2Gt 

0-722 

G1-9S 

1-00 

2-5J 

0-871 

2G-04 

2-00 

2-lG 

0-947 

21-60 

XU 

Nil 

•1-306 

— 

— 

— 

*  Broke  in  clips. 


t  No  definite  yield  point. 


The  bars  vith  0-468,  0-722,  0-871,  and  0-947  per  cent,  of 
carbon  are  all  absolutely  brittle,  and  in  no  case  does  the  elongation 
or  reduction  of  area  exceed  2-64  per  cent. 

"When  the  mechanical  properties  of  these  bars  are  compared  with 
those  of  the  '"normalised"  ones  (620"  C.  annealings,  page  26),  a 
noteworthy  point  is  the  great  increase  in  breaking  strain  in  the  bars 
containing  up  to  0  •  722  per  cent,  of  carbon.  It  will,  however,  bo  seen 
that  the  saturated  and  sui)er-saturated  steels  arc  remarkably  weak. 

On  examining  these  steels  microscopically,  it  is  interesting  to 
note  that  in  all  those  in  which  the  martensite  is  well  defined  the 
breaking  stress  is  high,  but  in  those  in  which  the  globular 
cementite  appears,  i.e.  in  the  0-871,  0*947,  and  the  1-306  per 
cent,  carbon  bars,  the  strength  is  very  low.  The  former  structure  is 
well  illustrated  in  Fig.  98,  Plate  26,  and  the  latter  in  Figs.  99  and  100, 
in  the  same  Plate.  The  more  homogeneous  structure  of  the  lower 
carbon  bars  is  also  conducive  to  greater  strength. 

QuencJting  Lars  at  1,200''  C.  (2,192'  F.)  in  TTater.— This  series  is 
an  interesting  one,  as  the  ductility  has  been  entirely  destroyed  in  the 
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bars  coutrtiuing  from  0-4G8  to   1*30G  per  cent,  of  carbon  inclusive, 
auil  almost  eutiroly  dostroycd  in  the  O'lSO  and  0-254  bars. 

The  mccbanical  properties  of  the  bars  are  iilotted  in  Fig.   21, 
Plate  11,  and  are  also  given  in  Table  1-4  : — 


TABLE    14. 


Bars  quenched  at  1,200°  C.  (2,192'  F.)  in  Water  at  20°  C.  (68°  F.). 


Carbon. 
Per  cent. 

Brtakinfr  Strain. 

Tons  per 

square  inch. 

Elastic  Limit. 

Tons  per 
square  inch. 

Elongation  on 
2  inches. 
Per  cent. 

Eciluction  of 

area  at  fracture. 

Per  cent. 

0-130 

45-20 

* 

9-00 

35-12 

0-180 

72-78 

* 

3-50 

5-lG 

0-254 

77-01 

* 

3-00 

4-74 

0-4C8 

31-71 

* 

Nil. 

Nil. 

0-722 

13 -41 

* 

Nil. 

Nil. 

0-871 

5-40 

* 

Nil. 

Nil. 

0-947 

4-20 

* 

Nil. 

Nil. 

1-30G 

3-52 

* 

Nil. 

Nil. 

*  No  definite  yield  point. 

It  ■will  be  seen  from  this  Table  that  tbe  breaking  strains 
of  the  first  tbree  bars  are  considerably  greater  than  tbose  of  tbe 
corresponding  bars  quenched  at  900°  C.  (1,652°  F.),  while  the 
0-4C8  and  0-722  per  cent,  carbon  bars  show  a  decrease  of  as 
much  as  23-7  and  48-5  tons  per  square  inch  resiicctively.  The 
three  high-carbon  bars  exhibit  all  the  properties  of  badly 
"burnt"  steel,  and  have  an  average  breaking  strain  of  only  about 
4  tons  per  square  inch.  Beyond  the  0*254  per  cent,  carbon  bar, 
none  of  the  steels  show  the  least  elongation  or  contraction  of  area. 

"When  examined  under  the  microscope,  the  sections  taken  from 
this  series  presented  some  interesting  structures  under  magnifications 
of  140  and  1,000  diameters.     The  0-130  and  0-180  per  cent,  carbon 
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bars  cousitjtoil  of  a  mixtiiro  of  well-Jefiucd  marlenBito  and 
ferrito,  whilo  tlio  0'J5l  bar  was  comiiosud  of  largo  martonsito 
tTjsUillitos,  but  there  was  an  absonco  iu  tho  structure  of 
tbo  dark  joiuts  which  are  generally  associated  with  burnt  steel. 
Although  the  strength  of  tho  0"1(JS  bar  was  considerably  less  than 
when  quenched  at  'JOO  C.  (1,G52  F.),  yet  there  were  still  no  dark 
joints  visible.  This  was  not,  however,  the  case  with  the  steel 
containing  0*722  per  cent,  carbon,  the  joiuts  being  faintly  visible  iu 
this  instance,  rhoto-micrographs  of  this  steel  are  reproduced  on 
Figs.  101  and  105,  Plate  27,  under  a  magnification  of  110  and  1,'jOO 
diameters  respectively,  and  the  dark  lines  or  joints,  above  referred 
to,  can  just  be  seen  under  the  low  magnification  in  Figs.  102,  103, 
and  104.  In  Fig.  105,  under  the  high  magnification,  it  is  evident 
that  tho  mass  of  the  structure  is  composed  of  well-defined  martensite. 

In  the  photo-micrograijh  of  low  magnification  of  the  0'871  per 
cent,  carbon  bar,  Fig.  Iu2,  the  dark  spaces  between  the  grains  are 
shown  more  plainly  than  in  the  last  instance.  Tho  high 
magnification,  Fig.  106,  shows  a  larger  variety  of  Martensite  than  in 
the  0*722  per  cent,  carbon  bar.  The  low  power  photo-micrograph  of 
0*947  per  cent,  carbon  steel,  Fig.  103,  i)reseuts  a  case  in  which  the 
dark  lines  are  both  wide  and  numerous.  Under  the  high  power. 
Fig.  107,  the  grains  are  seen  to  consist  entirely  of  martensite,  as  in 
the  last  example. 

The  dark  lines  are  also  present  and  well  defined  in  the  low  power 
photo-micrograph  of  the  1*306  per  cent,  carbon  bar.  Fig.  101.  The 
high  power  photograph,  Fig.  108,  proves  that  the  grains  themselves  are 
composed  of  martensite,  and  shows  the  junction  of  three  of  the 
grains  with  the  dark  lines  between  them. 

On  comparing  the  results  of  the  mechanical  tests  with  the 
photo-micrographs,  it  is  evident  that  the  breaking  strain  decreases  as 
the  dark  lines  between  the  grains  increase,  and,  where  these  lines 
do  not  exist,  the  steel  is  extremely  strong;  it  therefore  appears 
probable  that  these  lines  are  the  cause  of  the  weakness  in  the  last 
five  bars  of  the  series. 

These  dark  lines  have  been  stated  to  bo  due  to  oxide  of  iron 
enveloping  the  grains,  but  it  is  difficult  to  account  for  the  presence 
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of  the  oxido  in  tlio  stool.  It  has  alroftdy  beeu  pointed  out  in  this 
Keport  that  ccmeutite,  when  heated  to  about  1,100°  C.  (2,012°  F.), 
may  bo  decomposed  into  iron  and  carbon,  and,  undoubtedly,  in  the 
high-carbon  steels  especially,  the  cementito  around  the  original 
forrite  grains  is  actually  partly  decomposed  before  it  is  dissolved, 
thus  depositing  layers  of  carbon  around  the  grains.  When  the  mass 
is  quenched  at  this  high  temperature  the  grains  expand  about  2  per 
cent,  of  their  volume,  and  a  general  loosening  takes  place  between 
them,  thus  producing  the  joints  which  give  rise  to  the  characteristic 
crumbliness  of  a  burnt  steel.  The  lines  between  the  grains  are  not 
entirely  spaces,  although  occasionally  they  are  partly  so  ;  but  they 
either  contain,  or  are  coloured  by,  a  dark  substance,  which  is  most 
probably  carbon.  The  fact  that  steel  when  burnt  may  have  its 
physical  properties  restored  by  quenching  three  times  at  900^  C. 
(1,Gj2"  F.)  in  either  boiling  water,  or  in  a  mixture  of  colophony  and 
boiled  oil,  should  dispel  any  idea  that  the  dark  lines  arc  due  to  iron 
oxide.*  Forging  at  a  low  temperature  for  some  time  will  also 
produce  the  same  effect,  the  combined  pressure  and  heat  causing  the 
carbon  to  re-form  FcaC.  Further,  if  the  dark  lines  were  merely 
spaces  between  the  crystals,  this  fact  would  bo  at  once  evident  under 
the  microscope,  when  using  a  vertical  illumination.  In  Fig.  130, 
Plate  31,  is  shown  a  photo-micrograph,  at  a  magnification  of 
850  diameters,  of  a  die  steel  containing  0*8  -per  cent,  carbon  which 
has  been  "  burnt  "  and  then  quenched  in  water.  The  dark  lines  are 
quite  visible. 

The  Oil-Hardening  of  Steel  Bars. — When  steel  is  quenched  in  oil 
at  80°  C.  (176°  F.),  the  effect  is  to  increase  the  tensile  strength,  but 
to  a  somewhat  less  extent  than  by  quenching  in  water  at  20^  C. 
(G8°  F.) ;  and  also  at  the  same  time  to  increase  the  elastic  limit  and 
rather   diminish   the   ductility.      The    result   of    oil-quenching   at 


•  Professor  Stansfield  has  tiliown  recently,  in  n  Papor  to  tlie  Iron  and  Steel 
Institute  (lOOri,  II,  page  4:^:5),  tliat  oxidation  takes  place  in  the  flaws  in  bad 
cases  of  "  burning,"  but  be  states  that  in  such  cases  the  metal  can  only  be  restored 
Tsitb  great  difficulty,  if  at  all. 
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temperatures  above  700°  C.  (1,293'  F.)  is  the  conversion,  more  or  leas 
completely,  Rcconliug  to  the  temperature  of  quenching,  of  the 
original  pcarlito  areas  into  sorbite  or  martensite.  In  low-carbon 
steels,  however,  the  carbide  areas  increase  in  size,  according  to  tho 
temperature  to  which  they  are  raised  and  the  duration  of  tho  heating 
to  which  they  are  subjected  before  being  idunged  into  the  oil. 
On  subsequent  re-heatiug,  the  sorbite  or  martensite  is  converted  into 
either  granular  or  lamellar  pearlite,  according  to  the  temperature  to 
which  it  is  subjected.  From  the  following  experiments  it  will  be 
observed  that  tho  most  suitable  temperature  for  quenching  steel,  in 
order  to  obtain  the  best  combined  results  as  regards  breaking  strain, 
elastic  limit  and  elongation,  is  about  900"  C.  (1,652^  F.),  andj  the 
most  suitable  temperature  for  re-heating,  when  elongation,  and 
consequently  resistance  to  shock,  is  not  of  paramount  importance,  is 
about  350°  C.  (662°  F.).  If  however,  the  steel  be  required  to 
withstand  violent  percussive  action,  as  in  a  gun  tube,  then  re-heating 
at  a  higher  temperature,  say,  600'  C.  (1,112°  F.),  will  be  found  to 
be  necessary,  as  such  steel,  when  thermally  treated  in  this  way, 
although  possessing  a  relatively  high  breaking  strain  and  elastic 
limit,  nevertheless  has  also  a  high  percentage  of  elongation.  This  is 
demonstrated  in  the  following  experiments. 

The  bars  now  being  dealt  with  were  quenched  in  the  manner 
already  described  under  "  Water  Quenching^"  but,  in  this  case,  a 
larger  voliune  of  oil  than  of  water  was  used.  The  average 
temperature  of  the  oil  bath  during  quenching  was  about  80°  C. 
(176°  F.).  The  bars  were  kept  in  vigorous  motion  until  they  were 
of  the  same  temperature  as  the  bath.  When  all  the  bars  of  a  series 
had  been  treated  in  this  way,  they  were  wired  together  and  packed 
in  the  large  iron  tube,  which  has  already  been  described.  This  was 
then  placed  in  a  muffle,  as  in  the  experiments  on  "  Annealing,"  and 
two  thermo-couples  were  inserted  (in  the  manner  previously  mentioned, 
page  17)  to  indicate  the  temperature  of  the  re-heating.  In  order 
to  imitate  the  cooling  conditions  of  large  masses  of  metal,  the  bars, 
after  reaching  the  requiretl  temperature,  were  allowed  to  cool  in  the 
closed  muffle,  and,  when  cold,  were  taken  out,  cleansed  from  lime,  and 
mechanically  tested.     The  bars  quenched  at  870"  C.  (1,598°  F.)  and 
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relicfttoil  to  ooO"  C.  (Gr»2^  F.)  yioldiug  sucli  excellent  mcchauical 
results,  it  was  thought  ndvisablo  to  quench  two  other  sets  of  bars  at 
approximately  the  same  temperature,  and  to  reheat  them  to  GOO '  C. 
(1,112'  F.)  instead  of  to  350°  C.  (662'  ¥.\  Two  sets  of  bars  were 
ftcconlingly  quenched  at  800'  C.  (1,172'  F.)  and  900'  C.  (1,652'  F.) 
rcsi>octivcly,  and  afterwards  reheated  to  600'  C.  (1,112'  F.),  to 
ascertain  definitely  t.)  Avhat  extent  the  results  obtained  at  these 
temperatures  wouKl  bo  beneficial  for  practical  purposes. 

Oil -Quenching  in  rracticr. — The  usual  practice  adopted  in  the  oil- 
quenching  of  guns,  axles,  and  similar  masses  of  steel,  is  to  heat  them 
to  a  temperature  varying  from  800'  C.  (1,472'  F.) — which  is  the 
most  usual — to  850'  C.  (1,502'  F.) ;  then  to  quench  in  oil  at  about 
80"  C.  (176=  F.)  ;  and  afterwards  to  reheat  from  about  550'  C. 
(1,022°  F.)  to  650'  C.  (1,202'  F.).  Some  manufacturers  never  heat 
above  350'  C  (662°  F.),  whilst  others  go  as  high  as  650°  C. 
(1,202'  F.),  but  a  very  common  temperature  is  550°  C.  (1,022°  F.)- 
The  oil-quenching  is  performed  in  a  large  tank  or  well,  which  is 
usually  sunk  in  the  ground,  into  which  the  steel  is  immediately 
lowered  on  its  withdrawal  from  the  furnace.  The  steel  is  allowed  to 
remain  in  the  oil  until  practically  cold,  and  is  then  taken  out  and 
reheated.  The  oil  tank  is  sometimes  surrounded  with  a  water-jacket 
for  the  purpose  of  cooling  it  as  rapidly  as  possible. 

A  number  of  photo-micrographs  are  given  on  Plates  34, 35,  and  37, 
to  illustrate  the  efi'ects  of  oil-quenching,  as  produced  in  practice,  in 
the  manufacture  of  ordnance  and  large  axles. 

Quenching  bars  at  720°  C.  (1,328°  F.)  in  Oil  at  80°  C.  (176°  F.).— 
This  series  of  bars  was  quenched  without  subsequent  annealing,  in 
order  to  determine  the  actual  difference  of  the  projicrties  of  bars  so 
quenched  and  those  quenched  at  the  same  temperature  and  then 
annealed  at  350°  C.  (662°  F.). 

Table  15  gives  the  results  of  the  mechanical  tests  of  this  series 
of  bars : — 
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TABLE  15. 
Bars  quenched  at  720'  C.  (1,328°  F.)  i';i  Oil  at  80*  C.  (17G'  F.). 


p    .  Breaking  Strain.  Elastic  Limit.    Elongation  on  '     Reduction  of    I 

p  ■      i       .ToiiB  jHT  T<in8  per  '2  inches.        area  at  frarture.  \ 

^      ■         square  inch.        equure  inch.  Per  ceut.  Per  cent. 


o-i::o 

32 -OS 

18 -07 

2(J-00 

59 -02 

o-iso 

36-79 

24-24 

25-00 

60-24 

o-2:.4 

37-84 

24-91 

23  00 

57-77 

0-4GS 

39-75 

29  14 

24-50 

48-82 

0-722 

50-43 

30-74 

lG-50 

36-54 

0-S71 

70-77 

50 -24 

13-00 

36-34 

0-947 

52-30 

40-00 

13  00 

19-81 

1-30G 

53-82 

37-75 

7-00 

8-67 

On  comparing  the  above  results  C^hich  are  also  plotted  in  Fig.  22, 
Plate  12)  with  those  of  the  original  bars,  it  will  be  found  that  they 
do  not  entirely  agree  with  those  of  Brinell.  Brinell  states  that  the 
ultimate  strain  is  increased  by  oil-quenching  at  750'  C.  (1,382'  F.)  in 
bars  containing  0-09,  0*1G  and  the  1-17  per  cent,  carbon,  but  is 
unchanged  in  bars  with  0-25,  0-34,  0-44,  0-65,  0-79  and  0-947  per 
cent,  of  carbon.  On  the  other  hand,  the  bars  experimented  upon  in 
this  Report,  with  the  exception  of  the  0-947  and  the  1*306  per  cent, 
carbon  steel,  are  all  stronger  than  the  corresponding  bars  "  as 
received, '  i.e.  before  treatment.  The  increase  of  strength  and 
elastic  limit  is  most  marked  in  the  0-871  per  cent,  carbon  bar, 
which  is  practically  a  saturated  steel,  the  strength  having  increased 
from  58*52  to  76-77  tons  per  square  inch,  and  the  elastic  limit 
from  20  to  50*24  tons  per  square  inch.  This  great  increase  of 
strength  and  elastic  limit  of  the  0*871  bar  is  probably  the  most 
remarkable  feature  in  this  series.  In  elongation  and  reduction  of 
area  there  is  also  a  great  increase,  except  in  the  1*306  per  cent, 
carbon  bar. 
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On  comparing  tho  results  for  the  breaking  strain,  clastic  limit, 
elongation  and  reduction  of  area  witli  tlioso  of  the  "  normalised " 
bars  (620^^  C.  annealings),  it  will  bo  observed  that,  excepting  tlic 
saturated  bar,  these  properties  are  in  close  agreement.  In  every 
case,  however,  in  the  oil-quenched  saturated  bars  these  properties 
greatly  exceed  those  of  the  corresponding  "  normalised  "  bar. 

Under  the  microscope  the  sections  from  this  series  exhibit 
either  ferritc  and  sorbite  or  sorbite  and  cementite,  according  to 
the  carbon  content  of  the  bars.  It  will  be  remembered  that  the 
bar  containing  0'871  per  cent,  carbon  was  the  strongest  of  tho 
series  under  several  forms  of  heat  treatment,  and,  in  all  instances, 
this  was  due  to  its  homogeneous  structure.  In  the  present  case 
the  whole  mass  has  been  transformed  from  pearlite  into  a  mass  of 
sorbite  and  to  this  change  of  structure  its  very  great  strength,  as 
compared  with  the  other  bars  of  the  set,  is  due.  In  steel  containing 
less  than  0*8  per  cent,  carbon  tho  strength  and  elastic  limit,  as 
compared  with  those  of  the  saturated  steel,  are  lowered  by  tho 
ferrite  crystals  interspersed  throughout  the  metal.  Similarly,  in 
steel  containing  more  than  0*9  per  cent,  carbon,  the  interspersed 
cementite  is  the  cause  of  the  loss  of  strength.  At  a  higher 
temperature  of  quenching  when  the  cementite  has  had  an  opportunity 
of  passing  into  solution,  it  is  probable  that  the  higher  carbon  bars 
will  be  stronger  than  the  saturated  bar. 

Quenching  bars  at  720°  C.  (1,328°  F.)  in  Oil  at  80°  C.  (176°  F.) 
and  reheating  to  350°  C.  (662°  i^.).— From  Table  16  (page  65), 
and  from  Fig.  23,  Plate  13,  it  will  be  observed  that  a  great  change 
has  been  brought  about  in  the  mechanical  properties  of  the  bars  by 
tempering  at  350°  C.  (662^  F.). 

Comparing  the  above  results  with  those  of  Tablelo  (page  63)  which 
gives  the  properties  of  the  bars  simply  quenched  at  720°  (1,328°  F.) 
in  oil,  it  will  be  found  that  the  following  are  the  effects  of  the 
tempering  : — The  ultimate  strengths  of  the  bars  have,  on  the  whole, 
been  diminished  ;  the  elastic  limits  have  not  been  lowered  in  nearly 
so  great  a  proportion  (except  in  the  saturated  steel) ;  and  the 
elongations  have  in  most  cases  been  increased. 
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TABLE  IC. 

Bars  quenched  at  720°  C.  (1,328°  F.)  in  Oil  at  80^  C.  (170°  F.), 
and  subsequently  rtJualed  to  3:>0°  C.  (GG2°  F.). 


Carbon. 
Per  cent. 

1 

Breakiui;  Strain. 

Tons  per 

square  inch. 

EluBtic  Limit. 

Tons  i>er 
8i{imre  inch. 

Elonfrution  on 

2  inches. 
I\r  cent. 

Reduction  o£    , 

are;i  ut  fracture  j 
Per  cent.        1 

0-130 

•22 -i:; 

11 -.^It 

41-00 

T,W,.          • 

1        0180 

:!i-io 

IC.  S3 

29-00 

59  88 

0-254 

34-l."> 

22  -  50 

25  00 

57-87 

0-46S 

41  ;«3 

2.") -43 

20-00 

50- 12 

1        0-7-22 

48-70 

•27-47 

21-50 

3«J  00 

0-871 

53-94 

27-38 

13-50 

•27 -US 

0-947 

54-03 

3tJ  52 

12-00 

18-04 

;       *l-306 

57-75 

40  13 

C'50 

i 

♦  Broke  outside  gauge  jxiints. 


Brinell  found  that  bars  hardened  in  oil  at  750°  C.  (1,382°  F. ) 
and  reheated  to  350°  C.  (662°  F.)  lost  the  increased  ultimate  strain 
produced  by  the  hardening,  and  did  not  differ-  appreciably  from  the 
normal  steel.  It  will  be  seen  that  the  results  of  the  present 
experiments  fully  confirm  his  views  in  a  very  remarkable  war. 
Brinell's  conclusions,  however,  with  reference  to  the  elastic  limits 
being  sometimes  raised  by  tempering  at  350°  C.  (G6'2°  F.),  are  only 
borne  out  in  one  instance,  viz.  the  1-306  per  cent,  carbon  bar. 
His  views  with  regard  to  the  increase  in  ductility  by  reheating  are 
also  practically  confirmed. 

When  examined  microscopically  under  a  high  power,  this  series 
of  bars  showed  very  different  structures  from  those  of  the  oil-quenchiug 
at  720°  C.  (1,32«°  F.)  without  subsequent  tempering.  The  whole 
of  the  carbide  areas  were  found  to  consist  of  minute  pearlito, 
similar  to  that  shown  in  Fig.  138,  Plate  3.'),  instead  of  Sorbite.  It  is, 
therefore,   ardent   that    the   effect    of    the    reheating    at    350°   C. 
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(662'  F.)  was  to  break  uji  tlio  surbito  or  murteusito  iuto  very 
ininuto  ponrlitc,  ixiul  it  is  iliio  to  the  i^reseuco  of  this  pcarlite  that 
the  low-eurboii  steels  have  au  iucrcascd  clougatiou  aud  oiler  greater 
resistance  to  the  effects  of  "  shock." 

The  spaces  occupied  by  the  carbide  areas  in  this  and  the  last 
scries  arc,  on  account  of  the  low  temperature  at  which  the  (juenchiug 
was  peifurmed,  scarcely  larger  than  in  the  original  bars. 


Qucurhing  bars  at  870^  C.  (1,598'  F.)  m  Oil  at  80"  C.  (176'  F.) 
and  nheaduij  to  350'  C.  (662'  F.). — This  quenching  temperature 
of  870'  C.  (1,598'  F.)  was  chosen  in  preference  to  900'  C.  (1,652'  F.), 
as  it  is  a  favourite  temperature  for  the  quenching  of  ingots  destined 
for  the  manufacture  of  ordnance  aud  axles,  while  the  subsequent 
annealing  to  350'  C.  (662'  F.)  is  adoj^ted  by  many  manufacturers. 

Table  17  gives  the  mechanical  results  obtained  from  this  set  of 
bars  : — 

TABLE  17. 

Bars  quenched  at  870°  C.  (1,598'  F.)  in  Oil  at  80"  0.  (176"  F.), 
and  subsequently  reheated  to  350"  C.  (662"  F.). 


Carbon. 
Per  cent. 


;  Breaking  Strain.  Elastic  Limit.    Elongation  on  !     Eeduction  of 


I        Tone  per 
I     square  inch. 


Tons  per 
square  inch. 


2  inches. 
Per  cent. 


area  at  fracture. 
Per  cent. 


0-130 

24-50 

U-180 

80-12 

0-254 

41-13 

0-1C8 

54 -Go 

0-722 

78-59 

0-871 

90-68 

0-047 

102-52 

1-30G 

90-57 

15-0:j 
23-81 
28-81 
42-52 
30-54 
07-55 
6G-73 
56-29 


39-50 
23-50 
24-50 
25-00 
23-50 
10-50 
7-00 
5  -  50 


70-44 
G5-38 
62-14 
47-17 
3S-0S 
31-82 
10-99 
10-57 


The  above  results  are  also  plotted  in  Fig.  24,  Plate  li,  aud  an 
examination  of  the  curves  will  show  that  the  mechanical  properties 
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'btaiaeJ  are  probably  tho  most  remarkablo  in  tho  wholu  sorios  of 
experimouts. 

Ou  comparing  tho  above  breaking  strains  with  those  of  the  last 
series  of  bars,  it  will  bo  foun^^l  that  they  are  considerably  higher  in 
tho  present  case,  the  maximum  strength  occurring  in  the  O-'JlT  bar, 
which  has  a  breaking  stress  of  no  less  than  i8  tons  greater  than 
the  bar  (luenched  at  720°  C.  (1,328°  F.)  and  reheated  to  350°  C. 
(662°  F.).  It  will  also  be  noted  that  the  maximum  breaking  strain, 
in  this  instance,  does  uot  occur  in  tho  0"871  jier  cent,  carbon  bur, 
but  in  tho  0*'J-17  carbon  bar  just  mentioned.  Tho  high  ultimate 
strength  of  this  bar  is,  doubtless,  due  to  the  complete  solid  solution 
of  the  cementite  in  the  mass,  and  by  the  subsequent  cooling  in  oil 
the  entire  structure  is  converted  into  sorbite,  which  is  considerably 
more  elastic  and,  at  the  same  time,  less  brittle  than  martensite. 
It  is  possible  that  the  low  breaking  stresses  sometimes  obtained  by 
quenching  high-carbon  steel  bars  at  about  900°  C.  (1,652°  F.) 
in  water  are  duo  to  cracks  produced  in  the  metal  by  the  sudden 
abstraction  of  heat.  In  the  case  of  the  oil  quenchings,  however,  the 
oil  being  a  poor  conductor  of  heat  the  cooling  is  less  rapid,  and  a 
more  elastic  mass  (sorbite)  with  less  tendency  to  brittleuess  is  the 
result.  Under  these  circumstances  no  fissures  are  developed,  and  a 
greatly  increased  strength  is  obtained. 

Further,  the  tendency  of  sorbite  to  crack  from  internal  strains  is 
also  less  than  that  of  mai-tensite,  the  latter  being  considerably  less 
dense  than  the  former ;  consequently,  the  variations  in  density  of 
different  parts  of  the  sorbite  mass  will  be  less  than  those  of  tho 
martensite,  and  the  probability  of  cracking  in  the  latter  will  be  greater. 

It  will  be  further  observed  that  the   elastic    limit  is,  in  every  ' 
case,  considerably  higher   than  in   the   bars   quenched  at   720^  C. 
(1,328'  F.)  in  oil  and  reheated  to  350^  C.  (GG2   F.),  bat,  unlike  the 
breaking  strain,  it  reaches  its  maximum  in  the  0-871  and  not  in  tho 
0  •  'Jl7  per  cent,  carbon  bar. 

In  elongation  and  reduction  of  area  the  differences  between 
the  two  series  of  bars  are  not  great.  The  bars  quenched  at  870""  C. 
(1,598°  F.)  and  reheated  to  350°  C.  i  GG2°  F.)  give  rather  lower 
i-esults  in  elongation  in  the  0-13,  0*18,  0-254,  0-871,  0-947  and 
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tho  1"306  bars  than  do  those  treated  at  tlio  lower  temperature; 
Avhilo  in  the  0-lOS  and  the  0'72'2  bars  the  results  arc  slightly 
higher.  As  regards  the  reductions  of  area,  the  differences  are  not 
sufficiently  great  to  require  special  comment. 

rhoto-niicrogrfti)hs  obtaiuod  from  this  series  of  bars  are  representecl 
on  Plate  28.  From  those  it  will  bo  seen  that,  iu  the  steels  containing 
more  than  0- 18  per  cent,  of  carbon,  the  greater  portion  of  the  ground 
mass  is  ti\ken  up  by  carbide  areas.  These  carbide  areas  are  made  up 
of  a  minute  form  of  granular  pcarlite,  which  is  particularly  well 
shown  in  the  cases  of  the  0*722  and  the  0-871  per  ceut.carbon  bars. 
Figs.  113  and  11-1.  The  increased  strength  and  elastic  limit  of 
these  bars  are  undoubtedly  due,  iu  the  bars  containing  low  carbon,  to 
the  greater  size  of  the  carbide  areas  and  also  to  the  partial  separation 
of  the  pearlite  from  the  solid  solution. 

In  Plates  35  and  37  several  photo-micrographs  are  shown  of 
steels  which  have  been  treated  at  these  temperatures  during  tho 
actual  manufacture  of  guns  and  axles.  On  comparing  those  having 
a  magnification  of  1,G00  diameters  with  the  photo-micrographs  on 
Plate  28,  it  >A'ill  be  observed  that  the  structures  are,  for  all  practical 
purposes,  the  same. 

Quenclihuj  hars  at  1,000"  C.  (1,832°  F.)  in  Oil  at  80'  C.  (176°  F.) 
and  reheating  to  350°  G.  (662°  i^.).— This  series  of  bars  is 
particularly  interesting,  as  it  shows  that,  for  most  purposes,  tho 
greatest  combined  elastic  limit,  tensile  strength  and  elongation  is 
probably  obtained  when  steel  bars  are  quenched  beloW  this  point,  as^ 
for  example,  at  about  870°  C.  (1,598'^  F.),  and  subsequently  reheated 
to  some  temperature  below  At^. 

The  mechanical  results  obtained  from  this  set  of  bars  are  plotted 
on  Fig.  25,  Plate  15,  and  are  also  given  in  Table  18  (page  6U). 

On  comparing  tlie  mechanical  properties  of  these  bars  with  those 
of  the  last,  it  will  be  observed  that,  with  the  excejjtion  of  the  0'130' 
per  cent,  carbon  bar,  the  breaking  strains  are  less,  the  difference 
being  most  marked  in  the  0'871  and  the  0*947  carbon^steel. 

The  elastic  limits  are  somewhat  variable,  being  greater  in  the 
0-130,  0-722,  0-947  and  1-306  bars,  and  less  in  the  0-180,  0-254^ 
0-468  and  0-871  bars. 
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TABLE  18. 

Bars  quemhid  at  1,000"  C. (1,832"  F.)  in  Oil  al  So"  C.(17G°  F.), 
and  mbeequentlif  reheated  to  .].'><»''  C  (062"  F.). 


Carbon. 
Per  cent. 

1 
Breaking  Strain. 
Tons  \MiT 
square  inch. 

Elastic  Limit. 

Tons  jxr 
square  inch. 

Klunjrati.in  on 
-J  inches. 
Per  cent 

Rt'duction  of 

area  at  fracture. 

Per  cent. 

0-1:50 

•J5-'J1 

19 -o-.: 

152 -50 

G7-48          1 

0-180 

yj-l>6 

2:5-42 

2G-50 

C3-04 

0-254 

40-32 

2.1 -29 

19-00 

(50-51 

0-4G8 

54-10 

37-24 

14-00 

63-59 

0-722 

7C-41 

:>0-96 

14-0'J 

32-09 

0-871 

83-84 

58- 3J 

9-50 

24-15 

0-947 

m-i;t 

C8-13 

5-50 

14  84 

1-HU6 

9  J -00 

59-81 

3-00 

7-09 

The  elongations,  with  the  exception  of  the  0-18  per  cent,  carbon  bar, 
are,  in  most  cases,  much  lower  in  the  set  of  bars  now  being  dealt  with. 

The  reductions  of  area  are,  however,  more  varied  ;  in  the  0-130, 
0-180,  0-254,  0-722,  and  the  0-871  per  cent,  carbon  bars  in  the 
present  series  they  are  lower,  and  in  the  remaining  bars  higher,  but 
the  ditferences  are  not,  in  any  case,  very  great. 

From  this  experiment  it  is  evident  that  a  temperature  of  1,000° 
0.  (1,832'^  F.)  is  too  high  for  quenching  steel  bars  in  oil,  if  it  be 
desired  to  obtain  the  highest  combined  breaking  strain,  elastic  limit 
And  elongation.  The  difficulties  of  judging,  by  the  eye,  temperatures 
mthin  100°  C.  (212°  F.)  of  above  900^  C.  (1,G52'  F.)  are  well 
known  to  steel  workers,  but  the  foregoing  results  plainly  show  the 
importance  of  quenching  a  steel  within  a  narrow  range  of  definite 
temperatures,  although  it  may  be  necessary  to  employ  some  rough 
form  of  pyrometer  for  this  purpose. 

In  this  set,  like  as  in  the  preceding  one,  the  maximmu  breaking 
strain  occurs  in  the  case  of  the  0-U47  bar,  and  is  evidently  due  to 
the  same  cause. 
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Qttnichhvj  bars  ot  800^  C.  (1,472^  F.)  in  Oil  at  80^  C.  (17G"  F.) 
ami  rchcaiiiiij  to  GOO  C.  (1,112^  F.}. — Tlio  nicclianical  properties  of 
tbo  bars  which  have  received  the  above  trcatmout  are  givcu  iu 
Table  19,  and  are  aleo  plotted  iu  Fig.  26,  Plate  16  :— 


TABLE  19. 

Bar,^  quenched  at  800'  C.  (1,472^  F.)  in  Gil  at  80'  C.  (176°  F.), 
and  subsequently  reheated  to  600°  C.  (1,112°  F.). 


C'arlxin 
Per  cent. 

Breaking:  Strain. 

Tons  per 

square  iiu-h. 

Elastic  Limit. 

Tons  per 

square  inch. 

Elongation  of 
2  inches. 
Per  cent. 

Reduction  of 

area  at  fracture. 

Per  cent. 

0-130 

21-42 

19-78 

38-00 

70 -GO 

0180 

36-16 

29-82 

26-00 

57  00 

0-251 



— 

— 

— 

0-468 

41-06 

31-92 

17-00 

52-30 

0-722 

5S-47 

49-90 

17-50 

38-90 

0  871 

53-11 

46-86 

15-00 

32-60  . 

0-947 

45-97 

35-70 

12-00 

12-90  1 

1-306 

46-86 

42-50 

7-50 

22-00 

By  comparing  the  rcsiilt.s  given  in  this  Table  with  those 
obtained  after  quenching  the  bars  at  870'^  C.  (1,598^  F.)  and 
reheating  to  350'  C.  (662"  F.),  it  will  be  observed  that  the  breaking 
strains,  although  practically  the  same  in  both  cases  in  the  0*130  and 
0-180  percent,  carbon  bars,  are  nevertheless  very  mucli  lower  in  the 
steels  of  this  series,  which  contain  higher  percentages  of  carbon.  It 
will  also  be  noted  that  the  breaking  strains  of  the  0  -  722,  0  -  871,  0  -  047, 
and  the  1-306  bars  do  not  widely  differ  from  one  anotlier,  as  do  those 
in  the  latter  series.  Although  the  breaking  strains  are  considerably 
lower  in  the  bars  of  this  experiment,  yet  the  elastic  limits,  as- 
compared  with  the  breaking  strains,  are  relatively  higher  than  in 
preceding  series.     In  the  elastic  limits,  as  in  the  breaking  strains. 
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tlio  0- 722,  0-871,  0 ••117,  ami  the  1-300  bars  are  in  tdcrably  clt.so 
agreement.  This  rougli  unift)rnnty  of  olahtic  limit  ami  tensile 
strength  is,  tlonbtloss,  owing  to  the  formation  of  thut  minute 
variety  of  poarlito  whieli  is  shown  in  Fig.  l.'iG,  Plate  '.i'>.  In  the 
0-D47  bar,  which  has  boon  treated  at  870°  C.  (1,598^  F.j,  for 
example,  the  original  martonsito  and  sorbite  have  only  been 
slightly  changed  by  tlie  reheating  to  350"  C.  (662°  F.),  and  the 
bar  is  therefore  strong,  having  a  breaking  strain  of  102-5  tons  per 
square  inch.  If,  however,  this  bar  had  been  reheated  to  about 
600"  C.  (1,112°  F.),  as  the  corresponding  bar  was  in  the  present 
experiment,  its  breaking  strain  would  have  been  considerably  less. 
It  is  evident,  therefore,  that  this  approximate  uniformity  has  been 
brought  about  by  the  development  of  this  variety  of  pearlite  at  the 
higher  reheating  temperature.  Further,  as  the  strength  of  a  steel  is 
always  dependent  on  its  weakest  constituent,  and,  as  in  the  case  of 
the  four  high-carbon  steels  enumerated  above,  the  masses  of  the 
metal  are  mainly  composed  of  an  exactly  similar  minute  pearlite 
which  forms  the  weakest  constituent,  it  is  not  surprising  to  find 
that  the  strengths  and  elastic  limits  are  in  close  agreement  with  one 
another. 

The  elongation  and  reduction  of  area  in  this  series  of  bars  is 
hardly  so  great  as  would  be  expected  from  the  results  of  the  three 
previous  quenchings  in  oil.  Nevertheless  the  micro-structures  of 
the  steels  quenched  at  800"  C.  (1,472^  F.)  in  oil  and  reheated  to 
600°  C.  (1,112°  F.)  indicate  greater  power  of  resistance  to  shock 
or  percussive  action  than  those  tempered  at  350"  C.  (662"  F.)  only, 
and  it  is  therefore  safe  to  conclude  that  the  present  series  would,  in 
this  respect,  be  superior  to  those  treated  at  870"  C.  (1,598'  F.)  and 
subsequently  tempered  at  350°  C.  (602°  F.).  It  will  be  observed 
that  the  maximum  both  of  elastic  limit  and  tensile  strength  occurs 
in  the  0  -  722  per  cent,  carbon  bar. 

Quenching  lars  at  900°  C.  (1,652°  F.)  in  OH  at  80"  C.  (176°  F.) 
and  relicatiwj  to  600°  C.  (1,112°  F,). — The  mechanical  properties  of 
the  bars  after  treatment  are  as  follows  : — 
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TABLE  20. 

Lars  queachd  at  900°  C.  (1,052^  F.)  in  Oil  at  80°  C.  (176°  F.), 
and  suhsequcntlij  reheated  to  600°  C.  (1,112°  F.) 


Carbon. 
IVr  cent. 

Breaking:  Strain. 

Tons  |ier 
!     square  inch. 

i 
Klastie  Limit. 

Tons  |ier 
1  .square  inch. 

Elongation  on 
2  inches. 
I'er  cent. 

Reduction  of   ' 

area  at  fracture. 

PcT  cint. 

0-130 

1           24 • 55 

15-G2 

40-70 

72-0 

0-180 

30-13 

24-55 

30 -00 

58-5 

0-25t 

31-24 

25 -S9 

26-20 

58-4 

0-468 

35-71 

'         29-02 

'27-20 

51-0 

0-722 

50-44 

44-G3 

17-50 

33-3 

0-S71 

52-68 

4(1-85 

15-50 

300 

0-947 

49-10 

i        40-18 

17-00 

28-0 

1-306 

51-32 

1 

42-40 

1 

13-00 

210 

These  results  are  also  j^lotted  in  Fig.  27,  Plate  16. 

On  comparison  with  those  of  the  last  series  of  bars  it  will  be 
found  tliat  the  results  do  not  differ  greatly.  The  increased 
hardening  effect,  which  one  would  expect  to  be  produced  by 
quenching  at  a  higher  temperature,  is  not  apparent.  The  limits  of 
elasticity  are  in  fact  actually  lower,  on  the  whole,  in  the  bars 
quenched  at  900°  C.  (1,652°  F.).  The  elongations  and  the 
reductions  of  area,  on  the  other  hand,  are  greater.  It  appears, 
therefore,  that  by  quenching  steel  bars  at  900°  C  (1,652°  F.)  in  oil 
and  reheating  to  600°  C.  (1,112°  F.)  a  more  ductile  metal  is 
obtained  than  by  quenching  at  800°  C.  (1,472°  F.)  under  the  same 
conditions. 

The  maximum  elastic  limit  and  tensile  strength  occurs  in  the 
0*871  per  cent,  carbon  bar. 


Stress-Strain   Curves. — Reference  has  already  been  made  in  the 
introductory  portions  of  this  Report  to  the  work  of  MM.  Charbonnier 
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4iiul  Galey-Aclie  ou  tbo  stross-strniu  curves  of  annculctl  iron  ('i>a:^i;  14). 
A  number  of  these  curves  have  beeu  taken  uutograi)hieally  for  the 
i>rosent  research,  and  their  salient  features  will  now  be  described. 

The  most  important  feature  of  a  stress-strain  curve  is  that  it  is 
IKjssible  to  determine  easily  the  "  yield  iioint,"  which  is  t)ften 
-confused  with  the  "clastic  limit."  In  the  commercial  testing  of 
iron  and  steel,  where  only  a  comparatively  I'ough  determination  of 
the  elastic  limit  is  required,  the  figure  obtained  for  the  first 
indications  of  the  "yield  point"  is  generally  near  enough  for  all 
practical  purposes. 

For  the  determination  of  the  true  "  elastic  limit,"  it  is  necessary 
to  employ  an  instrument  of  great  accuracy,  since  "  the  '  elastic  limit  * 
is  the  stress  at  which  proportionality  between  the  stresses  and 
strains  first  visibly  ceases  when  measurements  of  considerable 
<lelicacy  are  being  made."  *  For  the  "  yield  point,"  however, 
instruments  of  great  delicacy  are  unnecessary,  and  the  curves  given 
in  the  Eeport,  which  show  three  times  the  actual  elongation,  are 
sufficiently  accurate  for  most  practical  purposes.  In  the  testing  of 
iron  and  steel,  it  may  be  taken  that  the  "  yield  point  "  is  the  first 
large  and  almost  sudden  deformation  obtained  during  the  testing  of 
the  bar. 

A  recording  instrument  for  taking  stress-strain  curves  is  so 
arranged  that  the  strain  or  extensions  of  a  test-piece  are  drawn  as 
abscissie  on  the  axis  of  OX,  and  the  stresses  in  tons  per  square  inch 
are  at  the  same  time  drawn  as  ordinates  on  the  axis  of  OY,  thus 
forming  a  curve  which  gives  the  relation  of  stress  and  strain  for 
the  whole  test,  there  being  for  every  increase  of  stress  also  a 
corresponding  increase  of  strain. 

A  typical  stress-strain  curve  is  shown  in  Fig.  117  (page  74). 
Up  to  the  point  K  the  line  OK  is  straight,  thus  indicating  that  the 
stress  is  i^roportional  to  the  strain,  but  beyond  the  point  K  a  slight 
curvature  begins,  and  a  small  deviation  from  proportionality  begins 
to  api)ear  in  the  stresses  and  strains,  so  that  the  jioint  K  will  indicate 
the   "  elastic  limit "  from   the    above   definition.     Frequently  this 

*  Unwin,  "Testing  of  Materials  of  Construction." 
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ilispropovtion  siultleiily  bcccmios  more  niftrkcd  at  a  point  L,  nt  wliich 
a  siuldcn  iucreftso  of  pornianent  elongation  commences,  and  this. 
point  is  generally  known  as  the  "  yield  point,"  or  breaking  down 
point.  Between  K  and  L  the  amount  of  permanent  distortion  is- 
extremely  slight,  but  between  L  and  N  a  small  portion  of  the 
distortion  is  elastic,  but  for  the  greater  part  is  ptrmauont.  In  n 
hard  steel  possessing  but  little  ductility  fracture  would  occur  at  N, 
but  in  soft  ones,  in  which  a  considerable  reduction  of  sectional  area 
occurs,  a  local  extension  commences  which  is  confined  to  only  a- 
small  portion  of  the  bar,  and  the  curve  falls  rapidly  from  N  to  P,. 

Kir,.   117. 


Extervsiori- 


where  fracture  occurs.  In  cither  case  OS  indicates  the  strength  of 
the  specimen,  as  it  is  doubtful  whether  any  definite  relation  exists- 
between  stress  and  strain  in  the  curve  NP. 

A  large  number  of  stress-strain  curves  magnified  three  times 
were  taken  from  the  bars  thermally  treated  for  this  Report,  and  the 
results  obtained  from  the  various  series  annealed  for  half-an-homv 
and  also  for  those  quenched  in  water,  are  given  on  Plates  29  to  33. 
From  the  stress-strain  curves  for  the  annealed  bars  it  would  appear 
that  an  annealing  immediately  below  Aj  produces  well-defined 
elongations  at  the  yield  points  in  all  bars,  except  the  saturated  ones. 
In  the  high  and  low-carbon  bars  tlie  magnitudes  of  these  elongations 
both  diminish  towards  the  0-871  per  cent,  carbon  steel,  where  the  yield 
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poiut  is  entirely  absent.  This  pecnliiirity  also  occurs  in  tlio  sot  of 
bars  annoftleil  ut  720  C.  { 1,:!'J8  ¥.),  but  to  a  less  extent,  and  in  thiR 
case  the  yioUl  i»oint  is  also  absent  in  tbo  O'lUT  per  cent.  carlK>n  bar. 

The  yield  points  of  tlie  800'  C.  (1,472'  F.)  annealed  bars  do  not 
differ  greatly  in  magnitude  from  tboso  annealed  at  720  C.  ( 1,')28  F.), 
but  they  are,  bowever,  mucli  more  definite  in  eburacter,  and  tbere  i» 
also  a  sligbt  break  in  tbe  curve  of  tbe  0*871  bar.  An  annealing  at 
900'  C.  (1,652'  F.),  bowever,  bas  tbe  effect  of  obliterating  tbe  yiel  I 
points  of  tbe  four  bigb-carbon  steels,  wbile  tbe  low-carbon  bars  sbow 
well-defined  "  breaks." 

In  tbe  annealings  at  1,100^  C  (2,012'  F.)  tbe  "  yield  points  "  of  tbe 
0*18,  0'251  and  tbe  0-lGS  bars  bave  been  considerably  dimiuisbed 
both  in  size  and  regularity,  wbile  in  tbe  0-722,  0 -871,  00 17  and 
the  1-306  per  cent,  bars  tbey  are  entirely  absent. 

The  curves  obtained  from  the  bars  quenched  in  water,  as  will  be 
seen  on  reference  to  Plates  32  and  33,  differ  to  some  extent  from  tbe 
curves  obtaineil  from  tbe  annealed  bars.  Wbile  tbe  bars  quenched 
at  720'  C.  (1,328'  F.)  give  but  little  elongation  at  the  yield  point, 
they  nevertheless  extend  considerably  immediately  before  fi-aetm-e, 
when  tbe  breaking  load  is  applied.  This  also  occurs  in  tbe  0*13, 
0-18  and  0-254  bars,  quenched  at  800' C,  but  the  0-722  and  the 
1  •  306  per  cent,  carbon  bars  actually  show  less  than  1  per  cent,  of 
permanent  extension  after  breaking.  Only  three  satisfactory  curves 
were  obtainetl  for  tbe  bars  quenched  at  900  C.  (1,G.">2  F.),  and  tbey 
were  of  the  low-carbon  steels;  tbe  0-13  bar  shows  a  well-defined 
elongation  at  the  yield  poiut,  and  a  considerable  extension  at  fracture, 
but  in  tbe  0-18  and  tbe  0-254  bars  tbe  yield  point  is  entirely  absent. 
A  small  amount  of  permanent  extension  takes  place  before  fracture 
only  in  the  0-18  bar,  tbe  0  254  steel  breaking  without  further 
elongation  on  the  applicatiun  of  tbe  breaking  strain. 

Only  three  low-carbon  steel  curves  were  obtained  for  the  1,200  C. 
(2,192  F.)  quenchings,  on  account  of  tbe  rotten  state  of  the  high- 
carbon  bars.  In  none  of  the  curves  are  there  any  indications  of 
yield  points,  and  only  in  the  0-l;J  bar  does  a  certain  amount  of 
permanent  elongation  immediately  precede  fracture. 

The  main  conclusions  gathered  from  these  curves  are : — 
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(1)  Tlio  amount  nml  roguluiity  of  tlio  elongftlioii  at  tlic  yield 
point  arc  dopcntlout  ou — 

(^<i)  The  uon-bomogcneity  of  the  stoel.     It  is  always  greater 
when  the  eteel  is  mailo  u])  of  two  constituents — such  as : 
ferrite    and    pearlitc,   fcrrito   and   sorbite,  pcarlite   and 
cenientitc,  and  ferrite  and  martonsite — than  when  it  is 
comjwsed  entirely  of  pearlite,  sorbite,  or  martensite. 
(/<)  The  bar  being  annealed  below  Aj. 
(r)  The  amount  of  fci'ritc  present. 
(*2)  The    amount    of    elongation    which    immediately   precedes 
fracture  is  dependent  on — 

(fi)  The  non-homogeneity  of  the  stoel,  as  in  the  last  case. 
(b)  Other  conditions  as  regards  tliermal  treatment  being  equal, 
the  bars  containing  most  ferrite  show  greatest  elongation, 
(f)  It   is   generally   increased   by   an   annealing   at   G20^   C. 

(1,118   F.). 
(d)  It  is  usually  absent  when  the  bar  is  composed  of  martensite, 
and   is   entirely    so   when  "  burning "    has   occurred   in 
the  steel. 

Miscellaneous  photo-micrographs  of  thermally  and  viechanicallt/ 
treated  steel. — Since  it  is  possible  to  read  the  life-history  of  a  piece 
of  steel  from  suitably  prepared  photo-micrographs,  it  has  been 
decided  to  publish  a  few  of  the  plates  taken  for  the  Committee,  all 
of  which  are  (piite  typical  structures  of  the  steels  they  represent. 
The  majority  of  these  plates  are  of  steels  which  have  received  some 
special  thermal  or  mechanical  treatment  under  works  conditions,  and 
are  perhaps  the  more  valuable  on  this  account. 

It  is  well  known  that  specimens  of  both  iron  and  steel,  produced 
under  apparently  the  same  conditions,  often  difi])lay  totally  different 
jiroperties.  This  is  especially  the  case  with  steel,  which,  on  account 
<jf  its  more  complex  character,  is  easily  affected  by  small  alterations 
in  the  conditions  of  its  manufacture.  The  causes  of  tlie  variation  in 
properties  of  similarly  produced  samples  of  metal  may,  in  most 
cases,  be  explained  by  the  aid  of  the  microscope  when  all  other 
methods  of  investigation  have  failed.      Although  it  is  possible,  by 
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means  of  the  microscope,  to  learu  much  ubout  thu  c)icmical 
compositiou  of  tbo  metal  undi-r  cxaminutiou,  it  is  iiovertheleKH 
not  fur  this  purpose  that  it  is  must  useful.  Many  8um])le8  of 
steel,  having  idontieal  chemiciil  compositiou,  vary  enormously  ii> 
mechanical  properties  ;  and  it  is  by  the  aid  of  the  microscope  that 
the  causes  of  these  variations  may  bo  explained.  "  Photo-micrography," 
or,  as  it  is  now  more  fro(iuoutly  termed,  "  metallograpliy,"  is  inteude«l 
to  augment  rather  than  supplant  chemical  analysis.  It  is  possible, 
by  menus  of  the  microscope,  to  ascertain  much  about  the  meehaniea} 
and  thermal  treatment  the  metal  has  received,  which  in  commerce  is 
often  of  the  utmost  importance. 

Although  much  useful  information  may  be  obtained  from  low- 
power  (say  100  diameter)  photographs,  yet  it  is  under  the  higher 
powers  of  the  microscope  (1,000  to  2,000  diameters)  that  the  true 
eflfect  of  tempering  or  annealing  can  be  ascertained. 

The  changes  in  hardness  of  a  steel  die,  for  example,  are 
accompanied  by  a  corresponding  change  of  structure.  When  the 
die  is  quenched  in  water,  its  structure,  as  revealed  under  the 
microscope,  is  composed  of  a  system  of  interlacing  acicular 
crystallites  (austenite,  variety  martensite^.  When  this  steel  is 
tempered,  the  interlacing  crystalline  fibres  disappear,  and  the 
structure  becomes  granular.  The  character  of  the  tempered 
structure  varies  greatly  with  the  temperature  and  the  time  the 
steel  is  reheated.  In  practice,  the  steel  is  tempered  by  watching 
the  colours  assumed  by  the  surface  of  the  metal  during  the  progress 
of  the  operation,  and  when  the  proper  colour  makes  its  appearance 
the  object  is  suddenly  cooled.  These  tints  are  caused  by  films 
of  oxide,  corresponding  with  considerable  exactitude  to  the  degree 
of  heat  to  which  the  metal  is  exposed,  and  they  consequently  serve 
as  a  tolei-ably  accurate  guide  in  determining  the  hardness  which  the 
object  will  acquire  on  being  cooled.  Although  this  method  is 
wonderfully  accurate,  it  must  be  remembered  that  the  colours  will 
appear  even  when  the  metal  has  not  been  quenched,  so  that  the  tint 
alone  is  not  indicative  of  a  good  result.  This  may,  however,  be 
easily  determined  under  the  microscojie.  As  the  time  and  the 
intensity  of  the  reheating  increases,  the   structure   more  and  more 
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rosombles  thftt  of  pearlito,  so  tluit  it  is  quite  possible  to  ascortaiu  the 
quality  of  the  temper  from  the  micro-structure  alone. 

To  bo  able  to  ascertain  the  quality  of  tbo  queucbing  of  largo 
masses  of  metal,  sucb  as  gnu  iugots  aud  axles,  is  of  vital  importaucc. 
If  a  gun-tube  is  quoucbecl  below  tbo  A^  poiut,  it  will  be  soft  and 
consequently  very  unsafe  for  firing  purposes,  on  account  of  its  low 
elastic  limit.  Even  under  tbe  low  powers  of  tbe  microscope  valuable 
evidence  could  be  obtained  as  regards  tbe  coi*rect  quencbing  of  tbe 
metal,  wbilc,  under  tbe  bigbcr  i)owers,  it  would  bo  possible  to 
ascertain  wbetbcr  tbe  subsequent  tempering  bad  been  carried  out 
correctly  or  not. 

In  Plates  S'l  to  39  are  sbown  a  number  of  pboto-micrograpbs, 
many  of  \\bicb  indicate  tj'pical  structures  of  tbermally  treated 
steels  as  obtained  in  practice. 

On  Plate  31  are  sbown  six  iiboto-micrograpbs,  at  magnifications  of 
eitber  850  or  1,G00  diameters,  of  bigh  carbon  steels  wbicb  have  been 
tbermally  treated  in  diflerent  ways.  Fig.  127  was  obtained  by 
quencbing  a  piece  of  1  -4  per  cent,  carbon  blister  steel  from  1,050'  C. 
(1,922  F.)_in  iced  brine.  Tbe  constituents  sbown  are  austenite, 
tbe  wbitc,  and  cementite,  tbe  dark  substance.  Fig.  128  is  a 
remarkable  structure  obtained  by  M.  Osmond  by  placing  austenite  in 
liquid  air  at  —243'  C.  (  — •iG9''F.);  tbis  structure  indicates  tbe 
transformation  of  y  iron  into  tbe  a  state.  A  similar  cbange  takes 
place  wben  certain  non-magnetic  nickel  steels  are  cooled  in  a 
mixture  of  solid  carbon  dioxide  and  etber. 

Fig.  129  is  a  structure  obtained  wben  a  steel  containing  !•  1  per 
cent,  of  carbon  is  rapidly  cooled  in  air  ;  it  consibts  mainly  of  a 
matrix  of  incipient  pearlite  containing  large  acicular  crystallites  of 
cementite.  Fig.  130  sbows  tbe  structure  of  a  "  burnt "  die  wbicb 
bas  been  quenched  in  water,  at  a  magnification  of  850  diameters.  It 
will  be  seen  to  consist  of  martensite,  wbicb  is  traversed  by  numerous 
black  lines  which  have  been  already  described.  Such  a  die  could  bo 
resuscitated  by  carefully  beating  to  about  900'  C.  (1,652'  F.)  and 
forging  two  or  three  times.  Figs.  131  and  132  represent  respectively 
an  oil-hardened  spring  for  a  safety-valve  aud  an  oil-hardened  spindle 
containing  1-02  per  ctnt.  of  carbon.     Both  these  structures  are  very 
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■j^  Kxl  oxauii)los  of  oil-harJuncil  bigh-eurbuu  stools ;  tho  |»euilito  of 
the  sjiriiig  Ktcol  is,  however,  rather  more  grunulur  thuu  the  Kpiinlh-. 

Phito  35  is  iuterestiiig,  as  it  shows  tho  structures  U!>sumeil  by 
gun  stool  contttiuiug  0  33  per  ceut.  of  ciirbou  ami  0-C  per  cout.  of 
mangiiiR'SO,  iu  pnictice,  after  differtiit  eouditionsof  tlienaul  troatmout. 
Fig.  l;»'}  iuilicates  tho  structure  of  the  original  ingot,  which  bus  n(jt 
Ikscu  relieatcJ.  Tho  crystals  are  bouudotl  by  more  or  less  straight 
lines.  In  Fig.  134  this  structure  has  been  broken  up  by  re-heatiug 
the  ingot  to  'JOU  C.  (1,652  F.),  forging  and  allowing  it  to  coul  slowly. 
In  this  case  tho  boundaries  of  tbe  crystals  are  irregular  in  shape,  and 
Lave  assumed  the  so-called  "  interlocked  "  structure.  Fig.  135  was 
tiken  from  tbe  extorior  of  the  metal  after  it  had  been  "  oil-tempered," 
that  is,  the  forged  tube  has  been  heated  to  815'  C.  (1,500  F.;, 
quenched  in  oil  and  afterwards  re-heated  to  475  C.  (887  F.),  and 
illowed  to  cool  slowly.  The  structure  consists  of  a  minute  granular 
pearlite  whicb  is  traversed  by  threads  of  ferrite ;  these  threads 
increase  in  size  as  the  centre  of  the  metal  is  approached.  Fig.  13G 
shows  the  structure  of  tbe  carbide  area  of  Fig.  135  under  the  high 
power  (1,000  diameters).  It  is  composed  of  a  minute  granular 
pearlite.  Fig.  137  indicates  the  interior  of  tbe  same  gun-tube  under 
the  low  power  (140  diameters).  In  this  case  the  cooling  has  been 
>lower  tban  it  was  at  the  exterior  of  the  tube,  and  in  consequence  the 
separation  of  the  ferrite  has  been  more  complete.  As  would  be 
expected  the  carbide  area  in  tbis  part  of  the  metal  is  in  a  minutely 
laminated  state,  not  in  the  granular  form  in  whicb  it  exists  at  the 
exterior  of  the  tube.  Tbis  structure  is  well  shown  in  Fig.  138  at  a 
magnification  of  1,G00  diametei'S. 

On  Figs.  13'J,  140,  and  141,  Plate  36,  are  shown  the  results 
of  more  rapidly  quencbing  a  steel  of  approximately  the  same 
composition  as  tbe  last.  Figs.  139  and  140  are  the  sti-uctiures 
obtained  at  140  and  850  diameters  magnification  respectively  by 
<iuenching  the  steel  in  mercury  at  720  C.  (1,328°  F.),  and  then 
lightly  etcbing  it ;  in  tbis  instance  the  ferrite  has  been  attacked 
while  tbe  martensite  still  remains  bright,  somewhat  resembling 
cementite.  In  Fig.  141  is  shown  a  portion  of  one  of  these  martensite 
patches  ut  a  magnification  of  1,600  diameters,  whicb  has  been  otcbed 
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for  two  minutes  in  a  tt-  1  per  cout.  solution  of  nitric  jxciil  in  ulcjohol  ; 
the  lufille-likc  structure  at  oiico  iliscloses  its  identity.  Fig.  112  i^ 
a  pljoto-iuicrograi)h  of  u  niangnnese  sulpliido  flaw  in  a  slowly  coolnl 
gun-stcol  nt  n  mngnification  of  850  tliiiniotcrs.  Fig.  143  is  tli<' 
stnicttiro  of  an  ingot  of  very  miUl  steel  wliiili  has  boon  allowed  to 
cool  after  casting  ;  the  carbide  areas  are  bounded  by  straight  lines 
similar  to  those  of  the  gun  ingot  in  Fig.  13.'^,  Plate  155,  and,  in  tliis 
case,  each  grain  is  also  partly  surrounded  by  a  layer  of  free  cementite. 
The  metal  in  this  condition  was  cxtrenudy  brittle,  but  on  re-he:iting 
the  steel  to  ^50  C.  (l,5Gi2  F.),  and  allowing  it  to  cool  in  wood  ashes, 
a  perfectly  malleable  ingot  was  the  result.  The  structure  given  by 
this  reheated  metal  is  shown  in  Fig.  111.  Both  Figs.  143  and  1  1 1 
are  at  magnifications  of  140  diameters. 

riato  37  is  an  interesting  one,  as  it  indicates  the  variation  of  tlio 
structure  in  diflerent  parts  of  a  10-inch  axle  containing  0 ■  4  per  ceiit. 
of  carbon  which  has  been  oil-tempered.  The  photo-micrograplis  nm 
not  very  good,  but  they  nevertheless  show  a  largo  proportion  (  f 
carbide  area  at  the  exterior  of  the  axle,  and  a  gradually  diminishing 
amount  in  the  sections  as  they  approach  the  centre,  while  at  tho 
centre  the  structure  is  practically  that  of  a  slowly  cooled  steel.  An 
excellent  series  of  photo-micrographs  of  axles  were  taken  at  tho 
Royal  iSIint,  but  after  Sir  William  Roberts-Austen's  death  they 
could  not  be  found.  In  every  case,  however,  the  structures  varied 
from  ext<,rior  to  centre  in  the  manner  indicated  on  Plate  37.  Such  a 
heterogeneous  structure  must  entail  a  considerable  amount  of  internal 
strain,  even  under  the  best  conditions  of  oil-quenching ;  and  it 
therefore  appears  advisable  to  seek  for  other  means  of  obtaining  a 
metal  with  suitable  properties,  such  as,  power  of  withstanding 
"  shock,"  while  at  the  same  time  possessing  comparatively  high 
limits  of  elasticity  and  tenacity.  These  properties  can,  without. 
doubt,  be  obtained  in  slowly  cooled  steels  containing  a  small 
proportion  of  one  or  more  of  the  rare  metals,  and  it  is  possible  that 
equally  gf>od  results  may  be  obtained  with  suitably  annealed  carbon 
steels. 

Plate  38  is  of  particular"  interest.  Figs.  151,  152,  153,  and  154 
bhow  the  structure,  under  different  magnifications,  of  the  "  cutting 
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tnlge "  of  a  ca«t-in>u  tool  \\bich  the  Secretary  brouglit  from  tbo 
locouiotivo  wotkishopB  of  the  Punnsylvaiiia  Iiuilroud  CoinjHiny  in 
AlUnina,  and  ImndtHl  to  the  (.'onuiiiltei'.  All  iheue  jdioto  inicrograjdiH 
tibow  that  the  metal  is  compoged  of  a  large  quantity  of  eemontitu 
embedded  in  a  matrix  of  a  dark  gubetanoc  which,  at  a  maguitiuatiou 
of  1,G00  diameters,  Fig.  151,  shows  the  presence  of  a  very  minuto 
form  of  pearlite  in  conjunction  with  martensite. 

Thiij  metal  would  soem  to  be  suitable  for  high-speed  lathe  work. 
The  onliuary  tool  when  used  for  high-speed  work  mjtidly  becomes 
dead  soft  by  "  tempering,"  on  account  of  the  heat  produced,  while  a 
self-hardening  tool  in  most  cases  rapidly  loses  its  edge.  Cementite, 
on  the  other  hand,  is  quite  unaltered  at  temperatures  of  even 
€00  0.  (1,112  F.;  or  700  C.  (^1,292  F.),  so  that  a  good  cast-iron 
tool  will  retain  its  edge  for  some  considerable  time. 

Figs.  155  and  156  show  two  spindles,  one  of  which  gave 
exceedingly  good  results,  while  the  other  gave  very  poor  ones  as 
regards  wear.  The  total  carbon  in  each  spindle  was  approximately 
the  same,  t;z.,  1-45  and  1*50  per  cent,  respectively.  A 
determination  of  the  graphitic  carbon,  however,  revealed  the  fact 
that,  whereas  Fig.  155  did  not  contain  any.  Fig.  156  contained  0*22 
per  cent.  On  reference  to  the  photo-micrograjihs  it  will  be  seen  that, 
while  the  bad  spindle  is  entirely  composed  of  granular  pearlite,  the 
good  one  contains  a  considerable  amount  of  cementite,  and  it  is 
entirely  due  to  the  extremely  hard  bearing  surface,  presented  by  the 
cementite  patches,  that  the  good  lasting  qualities  of  this  spindle  are 
due.  It  is  interesting  to  note  that  many  good  bearing  metals  owe 
their  (Qualities  to  a  similar  cause ;  the  metal  is  generally  composed 
of  a  Comparatively  soft  matrix  containing  some  hard  metallic 
compounds  which  form  the  bearing  surface,  in  the  same  way 
that  the  cementite  does  in  the  spindle. 

Fig.  157,  Plate  39,  bhows  the  structure  of  a  steel  containing  0  *  i  per 
cent,  of  carbon,  which  has  been  heated  to  about  900'  C.  (1,652"  F.) 
and  quenched  in  mercury,  thus  producing  well-develojwd  martensite. 
The  sample  was  then  placed  in  an  oven  at  100  C.  (212^  F.)  and 
allowed  to  remain  there  for  1,5U0  hours.  Fig.  158  indicates  the 
stnictore  produced  by  this  treatment,  and  it  will  be  observed  that  it 
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is  very  similar  to  that  obtained  from  a  water-qncucLed  steol  which 
has  subsoqueutly  been  tcinpcred  to  n  straw  colour  under  normal 
conditions. 

Figs.  150  and  IGO  show  tlio  structures  of  a  piece  of  stool 
containing  0*S  j>er  cont.  of  carbon  which  has  boon  burnt  and  then 
slowly  cooled.  The  photo-micrograjdiB  are  at  magnifications  of  1-iO 
and  850  diameters  respectively.  It  will  be  observed  that  black 
furrows  and  spaces  exist  in  the  slowly  cooled  as  in  the  quenched 
ones.  The  two  remaining  structures  on  the  Plate  were  produced  by 
mechanical  treatment.  Fig.  161  is  from  a  rail  containing  0-5  per 
cent,  of  carbon  and  about  0  •  8  per  cent,  of  manganese.  The  section 
was  prepared  from  the  "  running  edge  "  of  the  rail,  aiid  the  effects  ot 
the  "  cold  rolling"  can  be  plainly  seen.  In  Fig.  1G2  is  shown  the 
effect  of  strain  on  tool  steel  in  the  soft  condition.  A  small  section 
was  removed  from  the  tool  and  jiolished,  but  was  neither  polished 
in  relief  nor  etched.  The  sample  was  then  placed  in  a  small  testing 
machine  and  gently  squeezed.  On  examination  it  was  found  that  a 
pearlite  structure  had  developed,  owing  to  the  ferrite  laminae  being 
forced  up  between  the  plates  of  cementite. 

The  matter  contained  in  this  Eeport  by  no  means  represents  the 
total  work  done  for  the  Alloys  Research  Committee,  as  much  time 
was  given  to  experiments  which  yielded  negative  results. 

In  conclusion,  attention  should  again  be  drawn  to  the  valuable 
work  of  Mr.  W.  H.  Merrett,  who  has  supplied  the  material  for  the 
completion  of  the  Report,  and  for  which  he  deserves  the  special 
thanks  of  the  Committee. 

Their  thanks  are  also  due  to  Messrs.  F.  W.  Harbord  and  P.  Reilly, 
of  the  Royal  Indian  Engineering  College,  to  whom  were  entrusted  the 
analyses  of  the  specimens  of  steel  and  the  determination  in  most  cases 
of  their  mechanical  properties  after  thermal  treatment,  and  who  have 
spared  no  efforts  to  ensure  the  trustworthiness  of  the  results  ;  and 
to  Mr.  S.  W.  Smith,  B.Sc,  of  the  Royal  Mint,  who  assisted  in  some 
of  the  experimental  work. 

The  Report  is  illustratcdby  Plates  1-39. 
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DitcuMwn  on  \TiOi  January  1901. 

Tbo  Pbesident  remarked  tbat  they  had  just  listcnotl  to  tlie 
Sixth  aud  coucludiug  Hej)ort  of  a  series  started  by  the  lubtitutiou  in 
1889.  That  series  of  researches  ha<l  therefore  been  going  on  for 
fourteen  years,  and  the  research  incorporated  in  the  present  Report 
had  been  progresaiug  for  about  five  years,  because,  although  only 
three  years  had  elapsed  since  the  Fifth  Report  was  i)re6ented,  the 
work  done  as  detailed  in  the  present  Report  began  before  the 
previous  one  was  completed.  It  would  have  been  noticed  that 
the  beginnings  of  the  discoveries  elucidated  in  that  Report  had  been 
traced  back  120  years,  beginning  with  Bergman  in  1781,  aud  the 
scope  of  the  Report  was  set  forth  in  the  following  passage  (page  9) : 
"  It  is  now  known  that  allotropic  changes  in  the  iron  itself  are  the 
all-importiint  factors  in  determining  the  relations  between  iron  and 
<;arbon,  which  aie  involved  in  the  characteristic  capacity  of  steel  for 
being  hardened  and  tempered.  If  iron  had  existed  only  in  the  a  form, 
it  could  never  have  been  hardened  by  quenching  ;  on  the  other  hand, 
if  /3  and  y  iron  were  alone  known,  steel  could  never  have  been 
tempered  or  annealed.  The  prevalent  belief,  therefore,  of  nearly 
two  centuries,  which  claimed  attention  for  the  carbon  alone,  has 
had  to  be  abandoned.  Bergman,  in  1781,  held  the  fii-st  links  of 
evidence  which  have  led  to  the  present  conclusion,  while  Osmond, 
in  the  last  decade,  has  forged  the  strong  and  important  portion 
of  the  chain  which  we  securely  hold.  In  the  futme  it  will  be 
realised  how  much  the  Institution  of  Mechanical  Engineers  has 
done  to  confirm,  strengthen  and  diffuse  the  knowledge  we  possess 
on  the  important  industrial  question  of  hardening  steel."  Tht>se 
were  the  words  of  Sir  William  Roberts-Austen  himself.  The 
thanks  of  the  Institution  for  that  masterly  RejKjrt  were  due  to  the 
late  Sir  William  Roberts-Austen  and  to  his  successor  in  the 
Chair  of  Metallurgy  at  the  Royal  School  of  Mines,  namely, 
Professor  William  Gowland,  and  he  thought  the  Members  would 
wish  him  to  express  on  their  behalf  their  appreciation  of  the  ability. 
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lH>rsevei-ancc,  and  eutliusijism  with  wliich  Mr.  Merrctt  had  carried 
out  the  hirge  amount  of  work  which  it  had  beou  his  duty  to  do  in 
tliat  research.  The  names  of  honorary  workers,  Mr.  F.  W.  Harbord, 
Mr.  S.  W.  Smith,  Mr.  P.  Eeilly,  and  others  were  mentioned  by 
Professor  Gowlaud  in  the  Report.  The  Institution  thanked  those 
j.,'entlenien.  All  that  co-operation  illustrated  the  power  of  Sir 
William  Eoberts- Austen  to  attract  other  minds,  and  of  that,  one 
found  further  evidence  during  the  last  few  days,  when  the  Institution 
had  i-cceived  contributions  to  the  subject  from  Professor  Ledebur 
and  Professor  Le  Chatelier,  who  ho  was  pleased  to  see  was  present, 
and  the  meeting  would  have  the  pleasure  of  hearing  him  soon, 
perhaps  in  his  own  native  tongue.  The  Committee  also  who  had 
stimulated  those  researches  were  t )  be  congratulated  on  the  valuable 
results  which  had  been  brought  about.  With  that  Committee  it  was 
desired  to  associate  the  names  of  the  late  Sir  William  Anderson  and 
the  present  Chairman,  Sir  William  White,  Sir  Edward  Carbutt  and 
the  late  Sir  Frederick  Bramwell,  all  Past-Presidents  of  this 
Institution. 

The  thanks  of  the  Institution  to  those  gentlemen  were  manifested 
by  hearty  apj^lause. 

Professor  Gowland  said  he  feared  he  must  not  detain  the 
meeting  with  any  remark.s  supplementary  to  the  very  long  Report, 
but  he  would  like  to  call  attention  to  the  series  of  photographs 
exhibited  on  the  walls.  They  were  between  75  and  80  in  number, 
and  had  been  arranged  to  show  the  work  of  his  old  friend  Sir 
William  Roberts- Austen,  the  work  which  he  did  for  the  Alloys 
Research  Committee  of  the  Institution.  Those  photographs  were 
about  to  be  sent  to  the  St.  Louis  Exhibition,  where  they  would  be 
exhibited  by  the  British  Committee  of  Mining  and  Metallurgy  to 
illustrate  the  work  of  Sir  William  Roberts-Austen  anl  of  the 
Institution  of  Mechanical  Engineers. 

Professor  Henbt  Le  Chatelieb,  speaking  in  French,  said  that 
lie  had  read  with  much  interest  the  Sixth  Report  to  the  Alloys 
Research  Committee.  The  accurate  manner  in  which  the 
experiments  had  been  made  and  the  lucid  way  with  which  they  had 
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boon  sot  forth  wore  btyonl  question,  iin«l  the  Ii(  jtoit  constitutc'l 
a  colk'ction  of  iluta  which  wmihl  form  an  invuluublo  source  of 
knowleilgo  for  future  imiuiries  in  this  field  of  scientific  research. 

Before  proceeding  to  details,  ho  thought  it  might  bo  of  interest 
to  consider  the  influence  of  the  Report  in  a  wider  sense  tlian  that 
of  immeditito  ai)plicatic»n.  In  metiillurgical  science,  as  in  other 
kindred  branches  of  jihilosophical  inquiry,  uusu8i)ected  problems 
Would  arise,  and  these  became  more  numerous  as  the  ramifications 
of  the  science  extended.  Thus,  after  having  recognised  the 
attraction  of  a  piece  of  resin  rubbed  en  cloth  for  light  bodies,  one 
might  hope,  by  further  experiment,  to  gain  a  more  complete 
knowledge  of  the  phenomenon.  To-day  the  whole  science  of 
electricity  was  founded  on  this  first  observation,  though  it  hud  been 
necessary  for  centuries  to  pass  before  the  science  became  fully 
organised.  It  was  reasonable  to  hope  for  a  more  rapid  development 
of  metallurgical  science,  and  it  was  the  duty  of  workers  in  this 
field  to  prepare  for  the  higher  development. 

An  error  frequent  among  savants  was  to  seek  to  arrive  at  truth 
by  t<x)  many  roads,  without  taking  thought  of  the  ground  to  be 
covered.  This  was  to  ignore  the  value  of  time  and  the  waste 
labour  of  retracing  steps.  He  would  appeal  to  technical  societies, 
such  as  this  Institution,  to  oppose  energetically  such  practice  of  this 
nature.  The  Institution  of  Mechanical  Engineers  had  rendered 
signal  service  to  metallurgy  by  the  formation  of  the  Research 
Committees  and  by  the  publication  of  their  Reports ;  and  tho 
example  had  been  followed  elsewhere.  He  had  proposed  to  the  Societe 
d' Encouragement  pour  I'ludustrie  Xatiouale  the  formation  of  an 
Alloys  Committee,  and  it  was  with  the  help  of  the  late  Sir  William 
Rolerts-Austen  that  he  had  been  able  to  meet  the  fii-st  difficulties 
inseparable  from  the  founding  of  an  organisation  of  this  nature. 
Sir  William  had  desired  to  visit  Paris  in  order  to  submit  his  first 
Report  to  the  Societe,  and  to  compete  for  one  of  its  prizes.  Such 
a  step  would  have  given  the  speaker  tho  pleasure  of  introducing 
to  his  French  colleagues  the  efforts  made  on  the  other  side  of  tho 
Channel  to  advance  the  science  of  Metallurgy.  It  would  not  be  out 
of  place  to  remind  the  meeting  that   the  Societe  d'Encouragemont 
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pour  riiulustric  Natioimle  had  been  modt'llod  on  the  Society  of  Arts 
in  Loudon,  having  been  founded  by  Liistoyrio  in  1751,  upon  his 
return  from  a  visit  paid  to  Enghuid.  Sucli  international  relations 
were  of  great  value  in  promoting  science  and  industry. 

The  progress  of  science  might  bo  divided  into  two  distinct 
etnges  :  the  first  porii)d  was  one  of  creation  ;  the  second  was  that 
of  progressive  development.  In  the  first  there  was  no  organization  : 
no  richly  equipped  laboratories  were  needed ;  they  would  bo 
injurious.  Bi»yle  and  IMariotto  would  not  have  discovered  the 
laws  of  compressibility  of  gases,  if  they  bad  had  at  their  disposal 
the  improved  ajiparatus  of  Ivognault.  By  watching  a  lamp  swing, 
Galileo  discovered  the  law  of  weight,  and  Newton,  by  observing  an 
apple  fall  to  the  ground,  discovered  the  laws  of  gravitation. 

Directly  the  second  period  was  entered  upon,  more  minute 
inquiry  was  needed,  for  the  conijilexity  of  aspect  of  each  phenomenon 
became  every  day  more  marked.  To  achieve  this  progress,  it  was  not 
sufficient  to  make  experiments  and  tests,  but  to  make  tlicm  on  useful 
subjects.  One  might  mention  as  an  example  of  wasted  labour — the 
making  of  thousands  of  hygrometrical  experiments  with  unsuitable 
apparatus.  In  that  case  a  good  organization  would  have  been 
extremely  advantageous. 

The  question  of  the  thermal  treatment  of  steel  was  certainly  of 
primary  imjiortance ;  but,  he  would  ask,  would  it  not  be  necessary  in 
the  future  to  apply  other  tests  besides  tensile  tests?  Such  tests 
answered  the  purpose  of  showing  the  difierence  of  the  properties  of 
steel  when  heated  from  800  C.  (1,472  F.)  to  1,200^  (2,192^  F.),  or 
between  a  steel  heated  for  a  quarter-of-an-hour  or  for  ten  hours. 
But  if  it  were  necessary  to  know  the  influence  of  a  change  of  50'^  C. 
at  high  temperature  or  the  prolongation  of  heating  for  a  quarter-of- 
an-hour,  mechanical  tests  were  not  to  be  relied  upon.  The  errors 
resulting  from  small  differences  between  test-bars  completely 
disguised  the  results ;  nevertheless,  tlie  small  differences  of 
treatment  mentioned  had  most  important  influences  on  the  nature  of 
the  steel.  A  much  more  useful  method  of  Itesting  was  that  by  means 
of  notching  bars.  In  illustration  of  this,  he  instanced  tests  made 
by  ]M.  Ciuillcry,  director  of  the  Societc  Francaise  de  Construction 
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MAoftiiiquo  it  DouAiu.  A  bar  of  inilil  stoel  with  a  bn-ukiug  Htrain  of 
38  kg.  per  Bquart>  millinit'trc  ('2l*i:{  tons  por  Mjiuire  inch)  an<l 
84  par  cent,  clou^j^ation  was  divided  iiiU»  throo  purtH,  and  f rum  each 
*  tott  piece  was  cut  so  as  to  judge  of  tho  homogeneity.  The  three 
porta  were  heated  to  900'  C.  (1,052  F.),  and  toniporoil  at  600  C. 
(1,11  J  F.).  One  of  those  was  put  aside,  and  the  two  others  wore 
brought  to  a  white  boat — one  for  a  «iuarter-of-an-hour,  and  the 
other    for    hulf-an-hour.        Tho     following     tests    were    made: — 

(1)  Simple  tensile  tests  with  apparent  raising  of  the  e'astic  limit; 

(2)  Continuous  bending  tests  by  rotation  (Wohler's  tests)  ;  (i^)  Tests 
on  notched  bars.  The  following  Table  gave  the  results  of  tho 
tests : — 

TABLE  29. 


Simple 
Tens  i  lb  Tests. 


Flexion 

test*  by 

oontinnous 

rotatio:i 


Fn-mont 

test  with 

rectaiij^ulur 

notrbt-d 


'                 1 

b&rv. 

Brenking  Apparent 

Strain    |    Klastic 

j»er  mm*.      Limit. 

Elon^ti>>n 
per  cent. 

No.  of 

Turns 

before 

rupture. 

1 
KflocTJim-  ' 

metres 
atjMorbed. 

Stetl  untreated  .     .        :^{7  •  7 

Bteel   hardened  and\      qo  ,, 
umpired     .      .      .  /      "^  ^' 

Steel  heated  to  1. 200"  \      .,g  ^ 
C.  fori  hour    .      ./      '^  ^ 

Steel  heated  to  1, 200" \      ..^.,. 
C.  for  ^  hour     .     ./      "^^  ^ 

1 

13-3 
13-3 

7-3 

58 

3i-2 
35  0 

28-.') 

29  0 

175 

123 

70 

32 
2<t 

1 

The  tensile  tests  and  the  elongation  gave  no  indication  of  the 
cflfect  of  heat  in  causing  deterioration  of  the  metal,  whilst  the  trials 
by  notched  bars  gave  this  very  clearly.  In  bringing  forward  tliesc 
instances  he  dwelt  on  tho  necessity  of  a  g^id  programme  b^ing 
arranged  for  investigations  of  this  nature,  and  it  was  therefore  most 
desirable  to  submit  any  scheme  to  public  discussion. 
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ETporimentjilists  were  liable  to  make  mistalics,  and  intlustrial 
iiucstions  wore  more  difficult  to  solve  tliat  those  of  pure  eciciue. 
The  (.nly  method  was  for  the  same  problem  to  bo  studied  by 
eiperimcntidibts  iudepcndontly  iu  various  countries.  Considerable 
experience  had  already  be  on  obtained  on  the  thermal  treatment  of 
stool  by  Brinoll  and  ^Yahlberg,  by  ProfoKst)r  Arnold,  Dr.  Campbell, 
and  by  the  Alloys  Research  Committee  of  this  Institution.  Although 
the  majority  agreed  fairly  well  in  their  general  lines,  yot  there  w'cro 
certain  points  of  ditierence.  Was  it  better  to  temper  bteel  rapidly  to 
900^C.(1,G52  F.)or  to  keep  it  several  hours  at  that  temperature?  That 
was  a  point  to  take  up  again,  since  results  did  not  agree.  One  could 
not  tell  if  those  discrepancies  occurred  through  experimental  errors 
or  through  the  different  quality  of  the  metals  experimented  iqion. 
One  of  the  objects  to  be  aimed  at  should  be  co-operation  among 
setkers  of  knowledge.  It  was  difficult  to  estimate  the  amount  of 
wasted  efforts  in  the  laboratories  of  the  world  through  this  want  of 
co-operation.  It  was  enormous  compared  with  that  of  industrial 
work.  It  was  only  within  the  last  five-and-lwenty  years  that  any 
considerable  movement  had  taken  place  in  metallurgical  study ;  some 
new  methods  have  been  adopted,  but  only  on  a  very  feeble  foundation. 

The  work  of  Sorby  and  of  Osmond  had  opened  some  new  paths 
in  the  study  of  alloj's,  and  every  day  numerous  experimenters  were 
following  on  the  same  road.  Some  considerable  progress  ought  to  have 
been  made,  in  view  of  the  enormous  mass  of  literature  that  had  been 
accumulated.  It  was  a  mere  trifle  though  ;  obscurity  was  met  with 
everywhere,  when  it  ought  to  be  clearness  which  was  the  characteristic 
of  every  well-established  science.  Micrograjihy  was  hardly  accessible 
to  the  majority  of  engineers ;  and  those  experimenters  who  pursued 
the  subject  did  not  agree  with  each  other.  Fur  instance,  in  the  Report 
(page  .jI)  it  was  stated  that  there  was  marteusite  iu  a  steel  tempered  at 
720°  C.  (1,328'  F.);  that  would  be  below  the  points  of  transformation. 
Nevertheless  the  metal  remained  malleable  in  a  manner  inconsistent 
with  the  presence  of  the  constituent  element  of  tempered  steel. 
Some  metallurgists  would  join  issue  on  this  statement.  In  a  recent 
Paper  on  nickel-steels  M.  Guillet  had  described  as  hardenite  some 
crystals  that  M.  Osmond  would  without  doubt  have  called  sorbite, 
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but  which  ho  (M.  Lo  Chutclicr)  would  htivo  culkj  truohtitc.  Thcro 
was  u  larj^o  liclil  of  tituJy  to  covei'  huforo  tho  chuructcristic  j'rojH;rtic»i 
of  luarteiisite,  hardunito,  troofctito,  auJ  sorbite  with  their  progrcbKivo 
chiiuge  to  pearlito  wore  defiucd.  Above  all,  it  was  particularly  necessary 
thut  tho  researches  of  cxpcriincuters  should  ruu  on  parallel  lines. 

Gore,  liarrott,  and  Osnioud  had  opened  a  new  Held  of  important 
study  when  they  discovered  the  allotropic  transformation  of  iron  and 
stool,  and  in  this  direction  knowledge  had  advanced  but  little,  in 
i^pito  of  the  numerous  treatises  that  had  been  produced.  How  was  it 
that  marteusito  non-magnetic  above  the  point  of  ti'ansformution 
became  magnetic  at  tho  ordinary  temperature?  Was  the  transformation 
of  u  iron  into  p  iron,  accompanied  by  loss  of  magnetism  without  any 
iqipreciablo  change  of  volume,  au  allotropic  transformation  analogous 
to  that  of  (i  iron  into  y  iron '?  Was  the  transformation  of  tho 
magnetic  variety  of  nickel  to  the  non-magnetic  comparable  with  the 
transformation  of  a  iron  to  /J  iron,  or  was  it  not  rather  related  to  the 
direct  transformation  of  a  iron  to  y  iron. 

He  had  already  shown  that  the  constitution  of  alloys  was  the 
immediate  result  of  the  ordinary  laws  of  solubility ;  solidification 
took  place  in  the  formation  of  crystals  enclosed  finally  in  a  eutectic. 
The  Besearch  Committeo  hod  made  a  considerable  advance  in  tho 
theory  of  the  constitution  of  steel,  but  one  hardly  knew  anything  on 
the  curve  of  solubility  of  cemeutite  and  graphite  in  tho  liquid 
casting.  These  examples  related  exclusively  to  the  elementary 
phenomena  of  a  study  relatively  very  simple.  When  one  saw  all 
that  remained  to  be  done,  tlie  uncertainties  of  such  a  complex 
subject  as  the  thermal  treatment  of  steel  were  readily  oxplaineu. 
Very  slight  variations  in  the  temperature  of  annealing  and  in  the 
rapidity  of  the  change  in  temi)erature  were  able  to  alter  the  result 
entirely.  To  fill  up  rapidly  all  the  gaps  in  the  knowledge  of  this 
subject  required  tho  hearty  assist;ince  of  all  interested  in  progress. 

Mr.  F.  W.  Hakkuud  said  he  would  have  preferred  to  reserve  his 
remarks  until  a  later  period  of  the  discussion  when  possibly  he  might 
have  been  able  to  deal  with  some  of  the  criticisms  of  other  speakers. 
As  ono  of  Sir  William  Roberts-Austen's  oldest  students,  he  would 
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like  to  bcftr  tostiiuony  to  tho  groat  work  his  former  master  had  dono 
for  metnlluri^ical  Bcicncc.  Ho  liad  had  many  discussions  with  tho 
lato  Sir  AVilliam  Iioborts- Austen  in  reference  to  this  research,  and 
in  tlie  (iriginal  scheme  drawn  Tip  it  was  arranged  to  carry  out  a 
scries  of  experiments  on  bars  of  large  dimensions.  The  experiments 
on  the  small  bars  recorded  in  tho  Heport  were  only  intended  as 
pioneer  experiments,  and  it  had  been  intended  to  confirm  and 
amplify  tho  results  obtained  by  experiments  on  a  considerably 
larger  scale.  He  had  been  making  arrangements  to  carry  out  these 
large-scale  experiments  when  tlie  unfortunate  illness,  followed  by 
the  lamented  death  of  Sir  William,  prevented  them  from  being 
proceeded  with.  On  referring  to  Tablo  2  (page  2G)  it  would  be 
noticed  that,  on  heating  tho  bars  to  620^  C.  (1,U8^  F.)  for  half-an- 
liour,  tlie  ratio  of  elastic  limit  to  the  maximum  stress  was  extremely 
high,  and  it  was  intended  to  have  repeated  this  experiment  with 
another  set  of  bars  ;  but,  unfortunately,  all  the  bars  had  been  used 
for  the  other  experiments.  When  he  saw  the  results  in  the  Eeport 
he  immediately  made  a  search  and  found  a  few  bars  of  rather 
smaller  section  of  the  same  steel ;  although  there  was  not  a 
complete  set,  there  were  some  low-carbon  steels  which  were  the 
most  important.  Some  of  these  were  heated  at  G20°  C.  and  some 
at  680'^  C.  (1,25G^  F.),  that  is,  at  a  temperature  intermediate  between 
620°  C.  (1,148"  F.)  and  720°  C.  (1,328°  F.)  and  the  results  were  given 
in  Table  30  (page  138).  Some  of  these  bars  were  tested  at  Coopers 
Hill,  and  duplicates  had  been  kindly  tested  by  Professor  Unwin. 
It  would  be  seen  that  although  there  were  slight  differences, 
considering  the  smallness  of  the  bars,  they  agreed  within  reasonable 
limits,  and,  at  all  events,  so  far  as  elastic  limit  was  concerned, 
completely  confirmed  the  results  given  in  tho  Report. 

Since  these  experiments  had  been  begun  the  results  of  a  very 
elaborate  series  of  experiments  had  been  published  by  Brinell  in 
a  Paper  by  Mr.  Wahlbcrg  before  the  Iron  and  Steel  Institute  in 
1902  *  on  tho  Ilcat  Treatment  of  Steel ;  and,  had  these  been 
published  earlier,  there  was  no  doubt  that  the  scheme  of  the  present 

•  Journal,  Iron  and  Steel  Institute,  1902, 1,  page  333. 
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research  would  haTe  been  cuusidorably  inodifieJ ;  but  many  uf  thu 
experiments  lia«I  by  that  time  bc>en  comploted.  IIu  Iiad  very 
carefully  compared  tlio  results  ubtained  by  Brinell  and  thvtm 
recorded  in  the  Keport,  and  after  making  reasunable  allowance  for 
diflferenco  in  the  composition  of  the  steels  and  difference  in  the 
temperature  of  heating,  the  results  as  regards  annealing  were  in 
very  close  agreement.  The  same  might  bo  said  as  to  the  oil- 
quenching  results,  as  it  would  bo  noticed  that  there  was  an  increase 
in  the  maximum  stress  the  same  as  produced  by  water  quenching 
but  without  a  decrease  in  the  elastic  limit,  which  was  exactly  what 
Brinell  found.  Again,  both  Brinell's  and  these  experiments  showed 
that,  as  the  temperaturo  of  quenching  was  increased,  the  elastic 
limit  increased  ;  but  the  elongation  decreased,  and  this  was 
especially  marked  in  the  high-carbon  steels.  He  would  also  call 
attention  to  the  Paper  read  by  Professor  Arnold  before  the 
Institution  of  Civil  Engineers,*  when  it  would  be  seen  that  the 
bars  heated  for  half-an-hour  to  900°  C.  (1,652"  F.)  gave  very  similar 
results  to  those  obtained  by  Professor  Arnold  on  heating  to  1,000'  C. 
(1,832°  F.),  although  the  former  were  somewhat  softer  owing  to  their 
being  slowly  cooled  in  the  muffle  instead  of  in  the  air,  as  in  the 
case  of  the  latter  experiments.  In  a  Paper  read  before  the  Iron  and 
Steel  Institute  last  year  by  Mr.  Campion,!  for  which  he  was  awarded 
the  Carnegie  gold  medal,  results  of  heating  large  bars  4  to  6  inches 
in  diameter  showed  that  the  best  temperature  for  annealing  steel 
with  carbon  up  to  0*20  per  cent,  was  from  700"  (1,292  F.)  to 
800°  C.  (1,472^  F.),  and  this  was  somewhat  at  variance  both  with 
Brinell's  and  results  given  in  the  lieport ;  and,  until  the  matter  had 
been  further  investigated  by  working  with  large  sections,  the  results 
obtained  with  the  large  sections  must  be  accepted  as  the  correct  ones. 
Although  the  experimental  work  recorded  was  far  less  complete  than 
Sir  William  Roberts-Austen  intended,  he  thought  it  would  bo  found 
most  useful  as  pioneer  work  for  further  research.    [See  aUopmje  137.] 


•  Proceeding*,  loBtilution  of  Civil  Engineers,  1895-C,  vol.  cxxiii,  page  12' 
t  Journal,  Iron  and  Steel  Institute,  1903,  I,  page  378. 
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Professor  Thomas  Tuuneu  said  be  wished  in  the  first  place  to 

take  the  opportunity  of  oxprossiug  his  regret — and  he  was  sure  it 

was   the   regret    of    all  present    that    evening — that    Sir   William 

Koberts-Austen  was  not  with  them  to  read  his  Eeport.     Speaking 

as  one   of   his   old   students — for  he  joined  the  School   of   Mines 

before    the    end    of    Dr.    Percy's    time,   and   was   with   Professor 

Koberts-Austen   for    two   years — he   desired    to   bear  testimony  to 

Koberts-Austeu's    wide    scholarship    and    at    the    same    time    his 

wonderful  clearness  of  vision  so  far  as  the  important  points  of  any 

research  were  concerned.     He  had  an  opportunity  of   speaking   to 

Sir  "William  shortly  before  his  death,  when  he  was  suffering  severely 

from    the    illness    which     afterwards    proved    fatal.      They    were 

discussing  together  the  advances  which  had  recently  been  made  in 

metallurgical  science,  and  Sir  William  said  he  had  done  what  he 

could  to  advance  knowledge  in  that  respect,  and  he  hoped  that  some 

of  that  which  he  had  accomplished  would  remain.     He,  Professor 

Turner,  felt  sure  that  if  Sir  William  Eoberts-Austen  had  contributed 

only  those  six  Reports  which  had  been  submitted  to  the  Institution, 

he  would  have  left  behind  him  a  monument  of  which  any  scientific 

man  might  well  feel   proud.     His  interests  were  many-sided,  and 

there  was  scarcely  any  branch  of  metallurgy  which  was  not  enriched 

by  his  labours  at  some  time  or  other  during  his  life.     It  might  be 

said  that  their  deceased  friend  had  helped  to  discover  many  of  the 

foundation  stones  which  had   been  built  into  the  fabric   of  their 

science,  and  upon  these  others  would  in  future  build.     One  could 

not  expect  that  a  Report  of  the  present  kind  would  be  perfect,  or 

that  no  other  researches  would    be    req^uired  in  order  to  elucidate 

the  matter.     All  of  them  might  not  agree  with  every  conclusion  at 

which  Sir  William  Roberts-Austen  had  arrived  ;  at  the  same  time 

one  should  be  none  the  less  ready  to  acknowledge  the  disinterestedness 

with  which  he  had  approached  the  subject. 

He,  Professor  Turner,  had  been  writing,  during  the  last  week  or 
two,  a  short  Paper  on  the  semi-fluid  state  of  metals,  and  when  he 
received  the  present  Report  a  day  or  two  ago,  he  felt  sorry  that  that 
Report  had  not  been  before  him  whilst  he  was  writing  his  Paper. 
The  introduction  to  the  Report  was  only  another  example  of  Sir 
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William  Roberts- Austen's  clearness  of  vision.  On  page  11  would  be 
noticed  a  reference  to  the  work  of  Burus,  in  wliich  ho  Btate<l  "  that 
during  tho  small  interval  of  time  within  which  appreciablo  annealing 
occurs,  a  gloss-hard  steel  rod  suddenly  heated  to  300°  C.  (672°  F.) 
is  almost  a  viscous  fluid."  Sir  William  Roberts-Austen  had  called 
attention  to  facts  of  that  kind  on  several  previous  occasions,  and  in 
that  Report  he  made  reference  to  other  authorities.  That  portion 
of  the  Report  called  attention  to  a  subject  which  ought  not  to  be 
neglected,  namely,  that  in  considering  tho  changes  which  take  place 
in  iron  and  steel  one  had  nut  only  to  deal  with  tho  condition  of  the 
carbon,  but  also  with  tlie  viscosity  and  other  qualities  of  the  metal 
itself.  W^hether  metallurgists  were  agreed  as  to  the  exact  details 
of  the  allotropic  theory  or  not,  they  must  all  recognise  that  there 
were  very  important  changes  in  the  structure  and  character  of  the 
iron,  by  whatever  terms  they  might  describe  them.  He  therefore 
suggested  that  a  great  deal  of  the  discussion  which  had  taken  place 
as  to  the  accuracy  or  otherwise  of  the  allotropic  theory  was  largely  a 
question  of  definition,  and  of  understanding  of  terms,  rather  than  a 
difference  of  opinion  on  the  real  facts  which  were  involved. 

He  wished  to  make  reference  to  only  one  other  matter,  namely, 
the  diagram  on  Plate  3.  He  was  very  pleased  to  see  that  that  was 
brought  up  to  date,  as  that  particular  diagram,  perhaps,  contained 
more  information  than  any  other  single  one  in  the  Paper.  It  would 
well  repay  a  considerable  amount  of  study,  and  further  information 
would  be  necessary  before  some  important  points  were  fully 
explained.  He  wished  to  draw  attention,  however,  to  the  fact  that 
in  the  Report  one  had  tho  terms  *'  hypo-reolic,"  "  hyper-aolic," 
and  those  terms  were  also  used  by  Professor  Howe  in  his  book 
recently  published — quite  a  standard  work,  as  those  who  had  seen 
it  would  recognise — on  Iron,  Steel,  and  other  Alloys.  But  Professor 
Howe  had  a  note  on  the  last  page  saying  that  if  he  had  an 
opportunity  of  writing  the  book  again  he  would  use  the  term 
"  eutectoid."  *  He  thought  that  a  very  happy  term.  Professor  Howe 
had  coined  a  number  of  words  in  metallurgy,  and  he  thought  the  new 

•  This  word  ia  now  employed  on  Plate  3. 
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term  "exitectoid"  was  as  hajipy  as  any,  and  a  useful  addition  to  the 
nomenclature  of  the  Bubjcet.  In  conclusion,  ho  wished  to  tliank 
Professor  Gowlnud,  and  those  who  wore  associated  with  him,  for 
the  information  they  had  brought  forward. 

Dr.  11.  T.  Glazebbook  said  ho  was  glad  to  rise,  simply  to  re-echo 
some  of  the  sentiments  which  had  been  uttered  by  Professor  Turner 
as  to  the  indebtedness  of  all  who  were  interested  in  metallurgy  to 
Sir  William  Roberts-Austen  and  to  his  co-workors  in  the  Institution, 
for  the  great  work  they  had  done  in  the  production  of  those  six 
Peports  of  which  the  present  was  tho  last.  Ho  desired  also  to 
express  his  own  regret  and  that  of  all  Sir  William  Eoberts-Austen's 
friends  that  he  was  not  with  them  to  hear  the  appreciation  with  which 
the  work  had  been  received.  He,  Dr.  Glazebrook,  gathered  from  what 
had  already  been  said  that  there  were  numerous  points  connected  with 
that  research  still  needing  elucidation  and  further  experiment,  and  he 
trusted  it  might  be  his  good  fortune,  as  Director  of  the  National 
Physical  Laboratory,  to  help  those  of  his  assistants  who  were 
working  at  the  subjects  to  continue  and  carry  out  some  of  tho 
researches  and  investigations  which  were  outlined  in  the  Peport. 
He  wished  the  President  and  the  members  of  the  Institution  to 
understand  that,  if  those  who  were  directing  the  National  Physical 
Laboratory  could  help  in  this  manner,  they  would  be  only  too 
pleased  to  do  so,  and  they  would  look  to  that  body,  the  members  of 
which  were  so  well  able  to  aflford  guidance,  as  to  the  particular 
points  to  which  it  was  desirable  that  attention  should  be  directed. 

Mr.  C.  E.  Steomeyer  said  he  wished  to  join  the  previous 
speakers  in  their  expressions  of  regret  that  Sir  William  Roberts- 
Austen  was  not  with  them,  and  also  to  give  utterance  to  his 
gratification  at  the  large  amount  of  information  contained  in  the 
Report,  and  the  enormous  amount  of  work  which  had  been  bestowed 
upon  these  researches.  He  had  one  slight  criticism  to  offer  on  a 
point  to  which  Professor  Le  Chatclier  had  already  drawn  attention, 
namely,  that  the  tests  on  the  materials  were  not  as  diversified  as 
one  would  have  liked  them  to  be.  In  addition  to  the  bending  tests 
which  Professor  Le  Chatclier  mentioned,  he  thought  that  in  future 
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rcBoarcLos  on  this  aiul  uUicd  Bultjocts  torsion  tcBts  bliuuld  bo  included, 
for  tlicy  gavo  vuluublo  iuformutiou  on  tbo  sLouriug  KtrengtL  of 
materials,  lie  was  iu  fact  surprised  that  that  tost  was  not  included 
in  this  inquiry  which  dealt  largely  with  gun  steels,  because  the 
bursting  of  a  gun  was  duo  to  shearing  stresses  not  to  tension 
stresses.  Uo  heard  with  pleasure  that  there  had  been  a  proixjsal 
to  lengthen  the  test  pieces ;  that  would  have  been  a  great  benefit, 
as  the  real  elastic  limit  could  then  have  been  determined  with 
greater  precision,  in  fact,  short  as  the  test  pieces  were,  this  limit 
should  have  been  determined. 

In  some  researches  which  ho  had  carried  out,  he  noticed  that 
the  quenching  of  very  mild  steel  reduced  the  elastic  limit,  whereas, 
with  high-carbon  steels  quenching  raised  the  elastic  limit,  lie 
wished  also  to  add  that  ho  was  very  sorry  to  hear  that  the  present 
was  the  concluding  Eeport.  After  what  had  been  said  by 
Dr.  Glazebrook,  he  almost  wished  that  the  Iksearch  Committee 
could  have  been  continued,  if  only  for  the  purpose  of  giving  the 
desired  advice  and  guidance  for  which  Dr.  Glazebrook  asked. 
What  constructive  engineers  were  really  anxious  for  was,  not  so 
much  the  qualities  of  precious  metal  alloys  and  of  the  high-carbon 
steels,  such  for  instance  as  were  used  in  guns  and  stamping  dies, 
but  the  causes  of  the  effects  which  heating  and  other  manipulations 
had  on  the  milder  qualities  of  steel ;  now  that  the  last  two  Reports 
had  reached  carbon  steel,  the  foundation  had  been  laid  for  such 
inquiries.  Only  quite  recently  he  had  a  case  where  some  steel, 
which  had  admirably  stood  the  bending  tests  (it  bent  double) 
and  the  usual  mechanical  tests,  broke  while  in  the  bending  rolls. 
The  curvature  at  the  bend  would  not  bo  less  than  a  radius  of  20 
or  30  feet,  and  yet  the  material  cracked  iu  two  or  three  placts.  He 
believed  the  cause  in  that  case  was  the  impurity  which  had 
accidentally  got  into  the  metal,  but  it  would  be  interesting  to  know 
how  those  impurities  affected  the  bending  quality  of  steel ;  and  the 
behaviour  of  ferric  sulphides  and  phosphides  should  be  studied  in 
the  same  way  that  the  carbides  had  been  studied. 

The  Manchester  Steam  Users'  Association  had  recently  como 
across  some  steel  which,  although  it  would  weld  exceedingly  well, 
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cracked  after  the  wckling  was  fiuisbcil.  That  was  another  property 
of  some  steels  about  which  one  would  like  to  be  enlightened.  His 
own  belief  was  that  there  were  many  other  subjects  which  might  still 
bo  worked  at  experimentally,  and  seeing  what  an  impetus  to  researches 
t'lo  formation  of  the  Alloys  Rcsearcli  Committee  had  given,  ho  hoped 
that  it  would  be  re-appointed,  even  if  only  for  the  collection  of 
information  which  might  be  offered,  or  for  guiding  experimenters. 

Dr.  T.  K.  Rose  (of  the  Royal  ]Mint)  said  ho  would  like,  as  an 
old  student  of  Professor  Sir  William  Roborts-Austen,  to  add  his 
congratulations  to  the  others  which  had  been  offered  to  Professor 
Gowland  and  to  Mr.  jMerrett,  because  he  felt  sure  that  anyone  who 
looked  through  the  Report  would  agree  that  it  was  in  no  way 
inferior  to  the  other  Reports  which  had  been  presented  and  admired 
so  much  from  time  to  time.  When  the  Sixth  Report  was  first 
projected,  he  was  given  to  understand  that  one  of  its  results  would 
be  a  critical  and  complete  analysis  of  the  curves  of  equilibrium  of 
the  carbon-iron  series  which  had  been  originally  put  forward  in  the 
Fifth  Report,  and  subsequently  so  fully  discussed  by  Professor 
Roozeboom.  Further  experimental  proof  however  was  required,  and 
this  might  have  been  obtained  from  some  of  the  experiments 
described  in  the  Report.  For  example,  if  one  wanted  to  determine 
the  constitution  of  1-3  per  cent,  steel  at,  say  720^  C.  (1,328^  F.)  a 
little  above  the  W  point,  the  natural  course  to  adopt  would  be  to 
heat  it  to  720'  for  twelve  hours  and  then  cool  it  suddenly  to  the 
ordinary  temperature,  where  the  changes  in  constitution  and  structure 
were  necessarily  slow ;  and  then  carefully  examine  the  specimen  to 
860  if  austenite,  cementite,  and  graphite  were  really  present  there, 
lie  thought  Professor  Gowland  had  at  command  a  vast  amount  of 
information  on  the  subject  if  he  chose  to  supply  it,  and  therefore 
probably  he  could  say  whether  the  curve  would  stand  as  it  was  now, 
or  whether  there  would  be  alterations  in  it. 

Assuming  that  the  curve  would  stand  as  it  was  now,  of  what  use 
was  it  going  to  be  ?  There  was  one  use  which  Professor  Gowland 
doubtless  realised,  and  yet  he,  Dr.  Rose,  was  not  certain  whether  it 
was  clearly  cxpre  sed.     He  did  not  feel  sure  that,  if  one  looked  at 
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the  Report  for  tlio  first  tiino,  it  woulil  bo  sufficiently  impressed  ui)on 
one  that  tho  portion  of  thu  ciirvo  on  Phito  3  in  thu  hft-hauJ  corner 
relating  to  tho  Kt>i  uration  of  firrito  uml  ctinentito  was  a  gui»lo  to  tho 
right  temperature  at  which  steel  should  be  quenched.  Ho  would 
like  to  ask  Professor  Gowland  in  tho  lirKt  place  what  wero  tho  Hnia. 
on  which  tho  first  pamgniph  of  i»ago  51  was  based.  It  was  statetl 
there  that  Sir  William  Kol^rts-Austen  believed  that  a  0-8  jHjr  cent. 
carbon  steel  could  not  bo  hardened  very  much  below  850°  C.  (1,562' 
F. ).  There  were  no  data  at  tlio  Mint  in  regard  to  that,  nor  any 
details  of  the  experiment,  though  they  would  like  to  have  them  very 
much,  because  it  was  a  matter  of  very  considerable  importance  to 
those  who  were  in  charge  there.  Ho  might  recall  the  fact  that 
Brinell  tested  a  steel  containing  0-7  per  cent  of  carbon,  0*3  per 
cent,  of  silicon  and  0  •  l2  per  cent,  of  manganese,  and  found  thut,  if 
quenched,  at  690'  C.  (1,274'  F.)  it  had  a  hardness  in  his  absolute 
scale  of  241;  that  if  quenched  at  750'  C.  (1.382  F.)  it  had  a 
hardness  of  744 — three  times  as  much — and  on  quenching  at  1,000 
C.  (1,832'  F.)  it  was  also  744.  Their  results  at  tho  Mint  agreed 
more  or  less  ^ith  that  and  with  other  results  of  Brinell.  Steel  must 
of  course  be  quenched  at  different  temperatures  according  to  its 
composition.  One  could  not  expect  to  harden  a  steel  completely,  if 
one  tried  to  quench  a  mixture  of  cementite  and  martensite,  or  of 
ferrite  and  martensite,  even  if  the  steel  was  quenched  above  the  Ar 
point,  but  below  the  point  at  which  tho  cementite  or  ferrite  was 
separated.  The  mass  should  be  homogeneous  at  the  moment  it  was 
quenched,  in  order  to  get  complete  hardening.  The  result  of  that 
was  that  one  could  not  eay  definitely  that  900°  C.  (1,652  F. )  or  any 
other  temperature  was  the  correct  one  at  which  steel  should  be 
quenched,  without  giving  its  composition.  In  contradistinction  to 
that  belief  (page  51),  they  at  the  Mint  found  that  steel  with  0*8  per 
cent,  of  carbon  would  quench  very  well  if  quenched  at  750"  C. 
(1,382  F.),  but  that  a  1  per  cent,  carbon  steel,  containing  only  0*1 
per  cent,  of  manganese,  if  quenched  at  800'  C.  (1,472'  F.)  would  not 
be  glass-hard,  and  would  not  bo  suitable  for  Mint  purposes.  The 
curves  of  equilibrium  wore  undoubtedly  of  great  value,  for  they 
showed,  with  pure  steel,  at  what  temperature  the  steel  should  be 
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quenched.  Ho  understood  Dr.  Glazebrook  was  directing  a 
rc-dctenuiuatiou  of  those  curves,  and  ^vhen  that  had  been  done  tho 
results  woukl  be  of  the  greatest  value  to  them. 

There  were  other  points  in  his  mind,  but  he  would  not  touch 
upon  them  on  the  present  occasion.  He  would,  however,  venture  to 
make  one  appeal  to  Professor  Gowland,  who  had  spent  much  time 
and  trouble  in  writing  that  Report,  which  was  one  of  extraordinary 
complexity.  There  was  in  the  Eeport  an  immense  amount  of  detail, 
and  as  Professor  Gowland  must  know  so  much  more  about  the 
Eeport  than  one  could  possibly  glean  from  reading  it  through  once 
or  twice,  he  would  like  to  ask  if  he  would  be  good  enough  to 
present  a  summary  of  the  conclusions  which  he  would  himself 
draw  from  the  Eeport,  if  only  to  save  the  time  of  others  who 
might  be  trying  to  master  it. 

The  President  said  the  discussion  would  be  adjourned  until 
Friday,  29th  inst.  There  were  many  speakers,  among  them  Sir 
"William  White  and  Professor  Arnold,  who  had  not  been  able  to  be 
present  that  evening,  but  who  he  thought  would  be  at  the  next. 


Discussion  on  Friday,  29th  January  1904.  : 

The  CiiAiiiMAN  (Mr.  T.  ITurry  Eiches,  Vice-President),  before 
proceeding  with  the  ordinary  business  of  the  meeting,  apologised  for 
his  presence  in  the  chair.  The  President  had  been  unavoidably 
prevented  from  attending,  as  were  also  the  senior  Vice-Presidents, 
and  therefore  he  filled  the  position  as  a  stop-gap.  Before  calling 
upon  the  members  to  continue  the  discussion,  he  reminded  the 
meeting  of  the  gentlemen  who  formed  the  Alloys  Ecsearch  Committee. 
They  were :— Sir  William  H.  White,  K.C.B.,  LL.T).,  D.Sc,  F.E.S., 
Chairman  ;  Sir  Edward  H.  Carbutt,  Bart.,  Past-President ;  Professor 
William  Gowland ;  Mr.  Eobert  A.  lladfield ;  Professor  Alex.  B.  W. 
Kennedy,  LL.D.,  F.E.S.,  Past-President ;  Mr.  John  G.  Mair-Eumley ; 
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Professor  W.  Cawtliorno  Uuwin,  F.R.S. ;  ;anJ  Sir  Thoimis  Wrightmjii, 
IJurt.,  M.P.  ilo  was  Buro  every  luumbor  of  tho  lustitutiou  would 
feel  ho  owttl  a  groat  debt  of  gratitude  to  the  geutlemeu  who  formed 
tho  Comiuittoo. 

Mr.  J.  E.  Stead  said  ho  took  a  very  great  deal  of  interest  in  tho 
Report,  firstly  because  he  happened  to  have  studied  very  considerably 
the  eflect  of  heat  upon  steel,  and  secondly,  because  the  particular 
samples  of  steel  on  which  the  experiments  were  made  were  really 
supplied  by  him  in  a  roundabout  way  to  the  Alloys  Research 
Committee.  As  a  matter  of  fact,  one  of  his  friends  in  Shefiield  very 
kindly  prejmred  for  him  a  largo  quantity  of  pure  steel  in  round  bars. 
Mr.  Harbord  heard  of  this  and  asked  him  if  he  could  have  a  certain 
quantity  of  the  samples  for  experimental  purposes.  Those  samples 
eventually  got  to  the  Mint,  and  were  exi)erimented  upon  by  tho 
late  Sir  William  Roberts-Austen  and  his  assistants.  It  might  be 
interesting  to  the  meeting  if  he  narrated  the  history  of  tho  steels,  as 
there  was  no  information  given  regarding  that  point  in  the  Report. 
No.  1  sample  given  in  the  Table  was  basic  steel  made  at  tho  Wigan 
Coal  and  Iron  Co.'s  works  in  the  basic  furnace  by  tho  Sauiter 
process,  and  it  would  bo  found  that  it  compared  remarkably  well  with 
the  steel  of  Swedish  origin.  Its  only  peculiarity  was  that  it 
contained  a  little  more  arsenic  than  the  other  samples.  No.  2  sample 
was  Swedish  Bessemer.  All  the  rest  were  molted  in  crucibles  and 
were  made  from  high-class  Swedish  material.  He  might  also 
inform  the  members  that  after  leaving  the  rolls  they  were  all 
cold  reeled,  that  is,  they  were  rolled  longitudinally  so  as  to  make 
them  perfectly  cylindrical  and  to  give  them  a  fine  dark  polish. 
Referring  to  the  results  of  testing  the  steel,  it  would  appear  that 
the  mechanical  properties  were  anything  but  first  class.  It  was 
interesting  to  note  that  fact  because  apparently  it  showed  that, 
although  reeling  did  improve  the  appearance  of  bars  in  the  reeled 
condition,  they  were  not  so  good  mechanically  as  they  would  havo 
been,  if  they  had  not  been  reeled  at  all.  Of  course  Sheffield  steels 
were  rarely  used  in  tho  condition  in  which  they  left  the  reel,  but 
were  afterwards  reheated  and  worked  up  for  various  purposes,  so 
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that  it  diti  not  matter  very  miicb,  from  a  mechanical  point  of  view, 
Avbether  they  were  rocleil  or  not. 

He  had  prepared  a  diagram,  which  would  perhaps  assist  those 
who  had  not  previously  studied  tho  effect  of  heat  on  the  internal 
structure  of  iron  and  steel  to  grasp  what  metallograpliers  meant  by 
the  terms  "solid  solution  "  and  "  diffusion  of  carbon."  Fig.  163, 
Plate  4.0,  represented  six  bars  which  had  previously  been  mado 
coarsely  crystalline  by  very  slowly  cooling  down  in  the  heart  of  a 
ladle  of  molten  blast-furnace  slag.  All  of  them  were  heated  at  one 
end  to  a  little  above  1,000^  C.  (1,832°  F.),  and  were  comparatively 
cool  at  their  other  extremities.  The  temperature  at  ecpal  distances 
along  the  bars  between  the  heated  and  cool  ends  was  determined 
by  means  of  a  Lo  Chatelier  pyrometer.  After  heating  until  the 
temperature  remained  constant,  each  bar  was  quenched  in  cold  water 
and  was  ground  down  on  a  grindstone,  till  the  whole  of  the  slightly 
decarburised  surface  skin  was  removed.  The  metal  below  was  then 
polished  and  etched. 

Xo.  1  bar,  consisted  of  pure  iron.  No  apparent  change  in 
structure  occurred  until  a  temperature  of  870"  C.  (1,G98^  F.)  was 
reached,  but  at  this  point  the  crystalline  structure  was  re-organised 
and  the  crystals  became  fine. 

Xo.  2  bar,  contained  0-2  per  cent,  carbon.  In  proportion  as  the 
temperature  exceeded  750'  C.  (1,382"  F.)  the  carbon  diffused  from 
the  carbide  areas  into  the  surrounding  ferrite,  until  at  about  1,000^  C. 
(1,832'  F.)  diffusion  was  complete. 

No.  3  bar,  contained  O'-l  per  cent,  carbon.  Diffusion  was 
complete  at  about  830°  C.  (1,520"  F.). 

No.  4  bar,  contained  O'G  per  cent,  carbon.  Diffusion  was 
apparently  complete  at  about  770°  C.  ('1,418'  F,). 

No.  5  bar,  represents  pure  pearlite  steel,  which  contains  0-9  per 
cent,  carbon.  Diffusion  or  "  solid  solution  "  of  the  carbide  and  iron 
appeared  to  be  complete  at  G90'  C.  (1,274°  F.). 

No.  G  bar,  is  typical  of  steel  containing  1*4  per  cent,  carbon. 
The  white  portions  represent  cementite  in  excess  of  tho  eutectoid 
proportions. 

In  the  2,  3  and  4  diagrams  the  white  parts  represent  the  ferrite 
which  is  in  excess. 
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The  BUililon  quoncliing  retaineil  tho  carbon  in  tho  i>OBttiuQ  in 
which  it  was  when  hcutotl.  Tho  vory  dark  parts  indicated  t\n< 
regiomj  where  carbon  had  difl'usod.  The  half-tuuo  i>orti«»nK 
represented  pcarlite.  The  junctions  between  tho  dark  and  half 
tones  representod  tho  critical  point  Ar,. 

He  tluuight  that  when  the  members  looked  at  those  diagrams 
they  would  understand  how  it  was  that,  on  quenching  tho  steels  from 
a  high  temperature  when  tho  carbon  was  dilVused  and  reheating  tliem 
again  at  a  low  temperature,  at  a  temperature  lower  than  was  sufficient 
to  cause  the  re-formation  of  tho  banded  form  of  jjearlite,  a  very 
homogeneous  steel  was  obtaineil.  Professor  Gowland  had  described 
such  steel  as  sorbite.  He  (Mr.  Stead)  thought  the  name  was,  for 
convenience,  a  suitable  term  to  use  for  steels  of  that  kind  ;  it  meant 
possibly  what  Professor  Arnold  had  described  as  steel  in  which  the 
carbide  was  in  an  emulsified  state. 

lieferring  to  Tables  2  and  0  they  would  find  results  which  were 
of  a  somewhat  unique  character.  In  Table  2  (page  20)  results  were 
given  showing  that  by  heating  the  bars  to  a  temperature  of  G20'  C. 
(1,14s  F.)  the  elastic  limit  was  very  much  raised.  It  was  somewhat 
surprising,  also,  to  find  the  same  thing  in  Table  9  (page  44), 
representing  steels  soaked  for  a  long  time  at  900'  C.  (1,G52  F.).  So 
important  were  the  observations,  that  he  thought  it  would  be  advisable 
to  have  them  repeated  and  confirmed. 

His  own  name  had  been  mentioned  in  connection  with  the 
soaking  of  ingots  at  900  C. ;  and  although  Professor  Gowland  never 
entertained  the  idea  that  he  (Mr.  Stead)  had  suggested  that  the  bars 
should  bo  ''  soaked  '  at  that  temperature,  the  Keport  might  lead  to 
that  oonclusion.  As  a  matter  of  fact  he  had  very  strenuously 
opposed  any  such  thing  as  soaking  bars  at  900^  0.  He  advocated 
heating  up  as  rapidly  as  possible  to  between  850  ('.  and  900"  C. 
(1,562  F.  and  1,052  F.),  varying  according  as  the  carbon  approached 
0-5  or  1-0  per  cent.,  and  then  to  cool  in  the  air  as  i-apidly  as 
possible,  and  where  tho  mass  was  great,  the  cooling  should  be 
accelerated  by  oil  or  water  quenching. 

I'hotographs  were  given  of  a  cast-steel  tool  which  had  been  used 
in  America  for  turning  purposes,  Figs.  151  to  154,  Plate  38.     He 
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rcincml)erc(l  an  engineer  informed  Lim  more  than  thirty  years 
ago  that  when  ho  had  a  imrticularly  hard  material  to  turn,  which  no 
tool  steel  would  attack  or  touch,  ho  used  white  east-iron,  which 
was  ground  into  shape,  and  he  succeeded  with  this  where  ordinary 
steels  of  the  very  host  and  hardest  kinds  ahsolutely  failed. 

With  reference  to  austenite,  it  will  bo  remembered  that  when 
the  previous  report  of  the  Committee  was  discussed  it  was  pointed 
out,  and  very  rightly  too,  that  austenite  (pure  carbon  steel)  had  no 
jiractical  value,  but  events  had  since  proved  that  austenite  did  cut. 
In  his  opinion,  it  was  one  of  the  most  valuable  constituents  of  rapid 
cutting  steel  of  modern  make.  Quite  recently  he  had  made  a  special 
study  of  such  steels  and  had  found  that  they  contained  austenite  ;  or 
if  not  austenite  something  closely  resembling  it,  and  ho  believed 
that  their  great  toughness  and  their  ability  to  stand  up  against  the 
work  of  the  machine  was  due  in  part  to  the  presence  of  that 
constituent. 

He  complimented  the  authors  upon  the  enormous  amount  of  work 
they  had  done.  There  was  much  of  very  great  interest,  and  there 
was  a  great  deal  also  which  was  suggestive  and  would  lead  to  more 
experiments.  Ho  believed  that  one  result  of  the  Keport  would  be  to 
lead  other  people  to  follow  up  similar  researches. 

Professor  J.  0.  Arxold  in  the  first  place  wished  to  congratulate 
his  friend  Professor  Gowland  on  his  accession  to  the  leadership  of 
the  British  section  of  the  Allotropic  Part}',  and  wished  that  he  could 
extend  those  congratulations  to  the  Report.  In  the  opinion  of  many, 
not  all  confined  to  the  Carbonist  School,  those  responsible  for  the 
issue  of  the  Eeport  had  committed  a  rather  grave  error  of  judgment, 
since  its  publication  inevitably  involved  criticism.  The  Report  was 
remarkable  for  two  tilings,  firstly  for  that  which  it  contained,  and 
secondly  for  that  which  it  did  not  contain.  The  Report  might 
also  be  divided  into  two  parts,  namely  the  theoretical  and  the 
practical.  Dealing  with  the  first,  or  theoretical  portion,  he  had,  in 
the  interests  of  scientific  truth  to  suggest,  however  reluctantly,  that 
the  theoretical  views  put  forward  were  something  in  the  nature  of 
a  cloud  of  scientific  dust  raised  to  obscure  the  fact  that  the  objects 
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for  which  i\w  Mctiillur^ic-iil  llrliof  Exptxlition,  or^anizrd  by  tho 
IiiKtitutioii  ihirtot'U  years  ago,  sot  out,  had  not  been  achieved.  Thoso 
objects  won>  most  clearly  and  distinctly  stated  in  tho  first  threo 
pages  of  tho  First  IJoport.*  They  were  Ut  ascertain  if  tho  actions 
of  elements  on  iron  were  similar  to  tho  actions  of  elements  on  gold, 
which  it  was  olleged  had  been  proved  to  bo  in  accordance  with  tho 
law  of  atomic  Toluines.  lie  submitted  that  tho  theory  of  tho  law 
of  atomic  volumes,  as  aj)j)lied  to  iron,  died  in  tho  Hull  of  tho 
Institution  of  Civil  Engineers  in  May  1894,  when  he  read  a  Pai>er 
on  "  The  Physical  Influence  of  Elements  on  Iron,"  f  which  proved 
conclusively  that  their  mechanical  properties  had  no  connection 
whatever  with  the  periodic  law  of  Newlands  and  Mendeleeff.  Tho 
decisive  facts  contained  in  that  Paper  had  never  been  quoted 
in  tho  Reports.  In  the  year  subsequent  to  the  publication  of 
tho  Paper,  the  President  of  the  British  Association,  a  Vice-President 
of  the  Institution  of  Mechanical  Engineers,  publicly  declared 
in  his  Presidential  Address  J  that  the  truth  of  the  law  of  atomic 
volumes  as  applied  to  iron  had  been  experimentally  verified, 
and  that  it  was  now  possible  to  exactly  predict  tho  influence  of 
any  given  element  upon  steel.  The  anti-climai  to  the  latter 
assertion  came  in  1900,  when  it  was  discovered  in  the  laboratories 
of  the  University  College  of  Sheffield  that  vanadium,  an  element 
w  ith  an  atomic  volume  of  9  •  3,  so  far  from  softening  mild  steel  as  it 
should  have  done  in  accordance  with  the  law  of  atomic  volumes, 
possessed  almost  magical  stiffening  powers,  so  much  so  that  so  small 
a  quantity  as  0*2  to  0*3  per  cent,  of  the  element  added  to  mild 
structural  steels  had  the  capacity  of  nearly  doubling  the  elastic  limit 
and  the  maximum  stress.  The  law  of  atomic  volumes  with  reference 
to  gold  died  in  the  University  College  of  Sheffield  in  the  succeeding 
year,  1895,  when  his  Council,  to  enable  him  to  decide  the  point,  gave 
him  £500  or  £600  worth  of  gold  to  experiment  with,  and  its  obituary 
notice  was  published  in  "  Engineering  "  on  7th  February  1896. 


•  Proceedings  1891,  page  543. 

t  Journal,  Iron  and  Steel  loBtitate,  1804, 1,  page  107  et  $tq. 

X  Preeident's  Address  to  the  BritUb  ABSOciation,  18'J5. 
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Turuiiiii  to  some  of  tbo  thoorctical  statements  made  iu  tlie 
Sixth  Eeport,  ou  pages  9  aud  10  it  was  said  that  the  acceptance  of  the 
Allotropic  theory,  aud  its  importance  in  connection  with  industrial 
operations,  had  justified  the  work  of  the  Alloys  Research  Committee. 
So  far  as  he  knew,  and  ho  had  had  unique  oj^portunitics  of  judging 
iu  the  armour  mills,  in  the  guu  shops,  in  the  armour-i)icrciug  shell 
factories,  and  iu  the  cutlery  industries  of  Sheffield,  the  Allotropic 
theory  had  never  had  the  slightest  iufluence.  But  the  Allotroi)y  of 
1904  was  a  shadow  of  the  shade  of  the  Allotropy  enunciated  in 
1891.  The  Allotropy  of  1891  was  clearly  and  distinctly  specified 
to  be  crystalline  polymorphism,  and  the  Allotropy  of  sulphur  was 
deliberately  selected  as  the  type.  That  view  was  strenuously  and 
consistently  opposed  by  the  Carbonist  School,  and  in  July  1901,  as  the 
result  of  a  beautiful  research,  Osmond  disproved  the  existence  of  any 
crystalline  polymorphism  in  iron  ;  and  as  one  would  expect  from  a 
.scientist,  he  unequivocally  abandoned  in  that  respect  the  views 
he  had  so  long  maintained.*  He  (Professor  Arnold)  suggested 
that  he  had  a  right  to  ask  Professor  Gowland  why  that  all-important 
declaration  of  his  distinguished  leader  had  been  excluded  from  the 
Sixth  Eeport. 

It  was  stated  (page  9)  that  Van't  Hoff  had  authoritatively  stated 
that  (3  iron  was  capable  of  dissolving  carbon  to  form  martensite,  and 
that  statement  confirmed  views  persistently  advocated  iu  those 
Eeports.  It  seemed  almost  incredible,  but  it  was  nevertheless  true, 
that  the  main  conclusion  drawn  from  curves  published  in  the  Fifth 
Eeport  was  that  carbon  was  practically  insoluble  in  /3  iron.  He 
submitted  that  curves  which  could  prove  one  year  that  carbon  was 
insoluble  in  (3  iron,  and  two  or  three  years  afterwards  that  it  was 
freely  soluble,  were  capable  of  proving  anything  ;  and  the  inevitable 
corollary  to  the  proposition  was  that  curves  capable  of  proving 
anything  necessarily  proved  nothing.  But  why  should  the  statement 
of  Professor  Yan't  Hoff  be  authoritative  ?  He  was  a  great  authority 
on  the  physics  of  saline  solutions,  but  his  authority  on  the  physics  of 
steel  was  not  generally  admitted.     The  authority  which  settled  the 

*  "  Motallographist,"  vol.  iv,  page  249. 
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polnbillty  of  ciirliiilo  of  iron  iu  /j  forrito  was  iin  authority  iiuich  j^Tcutor 
tluin  Trofost^or  Vau't  lloiV  or  uny  otlier  rrofcssor  ;  it  was  Bottled  by 
the  iiuiiupeachublo  ilecisiuu  of  expcriiueutul  fact.  In  a  Paper  ou  the 
DitTiision  of  Elements  in  Iron,  issuoil  from  tho  University  College  of 
Sheflielil  in  ^lay  IS'.t'.i,  and  read  before  the  Iron  and  Steel 
Institute,  it  wa.s  clearly  Bhown  that  in  iron  containing  only 
0*0.">  per  cent,  of  carbon,  carbide  of  iron  freely  diffused  or 
dissolved  iu  the  /i  range  of  temperature.  Tho  Allotropists  set  up 
an  ingenious  theory  that  iu  some  mysterious  way  that  action  was 
due  to  tho  occult  influence  of  tho  traces  of  carbon  present.  In  May 
1902  a  Paper  on  the  Micro-structure  of  Hardened  Steel  was  issued 
from  tho  University  College  of  Sheffield,  and  read  before  the  Iron 
and  Steel  Institute,  iu  which  it  was  shown  that  employing 
chemically  pure  iron  prepared  by  Dr.  Hicks  and  Mr.  O'Shea, 
and  maintaining  it  iu  the  (3  range  of  temperature  for  five  hours, 
during  that  jieriod  no  less  than  3  per  cent,  of  carbide  of  iron  diffused 
or  dissolved.  He  noticed  that  throughout  the  theoretical  portions  of 
the  Report  the  solution  of  carbon  in  iron  was  exclusively  referred  to, 
and  pointed  out  that  Professoi*  Stausfield,  who  made  and  interpreted 
the  Reports,  was  distinctly  inclined  to  the  view  that  it  was  not 
carbon  that  diffused  but  carbide  of  iron. 

Turning  to  the  practical  portion  of  the  Report,  he  had  now  to 
alter  the  criticisms  he  hud  intended  making,  since  Mr.  Stead  had 
thrown  considerable  light  on  the  matter,  which  he  was  very  glad  to 
hear ;  but  ho  must  say  that  the  utterly  abnormal  character  of  the 
steels,  upon  which  the  research  should  never  have  been  made,  could 
not  bo  in  any  way  due  to  reeling.  He  had  regularly  tested 
dozens  of  reeled  bars  manufactured  from  low-carbon  steel.  The 
influence  of  reeling  certainly  could  be  felt  in  the  mechanical  tests, 
but  to  a  very  small  extent.  The  steels  mentioned  in  the  Report  were 
absolutely  abnormal.  In  Table  1  (page  24)  it  would  be  seen  that 
a  steel  with  0*47  per  cent,  of  carbon  gave  an  elongation  on  2  inches 
of  6  •  3  per  cent.  It  was  only  duo  to  the  compilers  of  the  Report 
to  say  that  they  marked  it  abnormal.  Of  course  it  was.  But  he 
would  ask  practical  engineers  what  they  thought  of  a  forged 
steel   containing    only   0*18  of   carbon,   giving    an    elongation   of 
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only  12-5  and  a  reduction  of  area  of  29*7.  That  could  not  possibly 
be  due  to  reeling.  He  was  perfectly  certain  there  M-as  something 
radically  wrong  in  the  manufacture  of  the  steels.  It  was  extremely 
difficult  to  manufacture  nearly  pure  iron  and  carbon  steels  without 
introducing  some  oxygen,  which  considerably  modified  their 
properties.  Ho  submitted  that  the  question  of  the  mechanical 
inOuence  of  carbon  on  iron  was  somewhat  ancient  history ;  it  was 
thrashed  out  before  the  Institution  of  Civil  Engineers  in  1895.*  A 
set  of  properly  made  carbon  and  iron  steels  were  made,  and  the 
curves  were  determined.  If  anyone  would  take  the  trouble  to 
compare  the  curves  figured  in  that  Paper  and  those  published  in  the 
present  Eeport,  they  would  see  at  once  that  the  curves  given  were 
really  the  co-ordinates  of  stress  and  carbon.  The  curves  in  the 
Eeport  were  so  absolutely  erratic,  that  there  must  be  some  disturbing 
influence  whicb  altogether  destroyed  their  accuracy. 

He  also  suggested  that  the  labelling  of  some  of  the  curves 
should  in  the  interests  of  the  Institution  be  altered.  He  noticed  a 
point  described  as  "  breaking  strain?"  "What  was  "  breaking  strain?" 
So  far  as  lie  knew  the  stress-strain  diagram  had  co-ordinates  of 
tons  per  square  incb  and  extension.  "  Breaking  stress"  would  have 
been  better,  but  even  that  would  be  wrong,  because  it  was  difficult  to 
determine  tbe  breaking  stress.  He  took  it  that  what  was  meant  was 
the  maximum  stress,  and  he  thought  it  would  be  well  to  alter  it  to 
that. 

On  Fig.  28,  Plate  17,  the  author  suggested  that  the 
extraordinary  properties  of  the  bars  were  due  to  tho  jn-esence  of 
the  alleged  constituent  sorbite.  The  sorbite  was  contained  in  the 
scanty  dark  areas,  and  it  was  really  evenly  divided  pearlite,  which 
had  no  right  whatever  to  a  separate  classification.  He  asked  the 
members  to  ask  themselves  the  question  if  those  isolated  patches  in 
any  condition  whatever  could  make  a  0-13  per  cent,  carbon  steel 
re^rister  a  stress  of  30  tons  with  an  elongation  of  only  20  per 
cent,  on  2  inches.  The  steels  were  not  right,  and  it  was  a  great 
pity  such  an  enormous  amount  of  labour  had  been  put  upon  such 
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unsatisfuct  >Ty  nmU'rialK.  If  tlio  Alleys  Resoarcli  C«)nnijitt<Hj  hud 
linked  him,  ho  would  ha\o  beeu  excccdiugly  glud  tu  huvo  given 
thorn  a  complete  set  of  proporlj  mado  stools  of  infiuitoly  greater 
purity  than  those  upon  which  thoy  had  oxperinioutod.  Another 
|>oiut  bntught  up  by  Mr.  Stead  was  that  he  eaid  tho  cutting 
l)roperties  of  high-speed  steels  were  due  to  tljo  alleged  constituent, 
uustcuito.  Austouito  was  a  constituent  essentially  formed  according 
to  Osmond  by  very  rajtidly  quenching  steel  containing  over  1*5  jier 
cent,  of  carbon.  In  high-speed  'steels,  so  far  as  ho  knew,  tho 
maximum  content  of  carbon  was  about  0  *  8,  and  such  steels  wero 
never  quenched.  Mr.  Stead's  suggestion  seemed  therefore  to  fall  to 
the  ground. 

There  was  one  final  point  with  which  he  wished  to  deal,  which 
was,  be  thought,  of  more  importance  than  anything  ho  had  yet  touched 
upon,  namely,  the  question  of  heating  brittle  steel  to  about  900  C. 
(1,G52'  F.),  and  allowing  it  to  cool  in  air  to  restore  it.  There 
seemed  to  be  an  impression  that  that  was  a  new  process.  lie  had 
taken  the  trouble  to  try  and  trace  it  back  to  its  source,  and  had 
found  that  it  was  inventel  in  Sheffield  in  1S20  by  one  Charles 
Wardlow,  the  founder  of  the  celebrated  house  of  WarJlow,  which 
was  in  SheflSeld  to-day;  only  those  who  were  best  capable  of  judging 
did  not  call  it  "  restoring "  steel,  it  was  rather  referred  to  as 
*'  faking  "  steel. 

Through  the  kindness  of  his  friend  Mr.  Milton,  tho  Chief 
Engineer  of  Lloyd's,  he  was  able  to  give  the  Institution  some 
extremely  important  information  on  the  alleged  restoration  of  steel. 
The  experiments  were  made,  not  upon  artificially  spoiled  steel,  but 
one  was  made  on  a  1-iuch  thick  boiler-plate,  which,  under  the  final 
hydraulic  test,  split  from  end  to  end  like  so  much  glass.  The  steel 
on  analysis  was  all  right.  It  was  tested  mechanically,  aud  the  stress 
was  g  "od,  the  limit  was  all  right,  tho  elongation  was  all  right,  and 
the  reduction  of  area  was  all  right ;  it  was  subjected  to  the  most 
severe  bending  tests  ;  it  was  hammered  violently  over  close  up,  and 
then  bent  close  up  under  the  machine,  without  showing  a  flaw. 
According  to  all  precedent  that  was  a  steel  of  a  splendid  quality 
with  faultless  chemical  analysis  and  mechanical  test,  but  tho  fact 
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remaiued  that  tho  boiler  went  like  a  piece  of  glass.  Fortunately 
steam  had  not  boeu  iuto  it. 

He  was  commissioued  by  IMr.  Milton,  on  behalf  of  the  Committee 
at  Lloyd's,  to  investigate  the  matter  most  carefully,  more  especially 
with  reforenco  to  the  eflect  of  heat  treatment,  He  had  been  engaged 
on  the  work  now  for  some  eighteen  months,  and,  as  Mr.  Milton  had 
said,  the  more  light  that  was  thrown  on  the  matter,  the  better 
he  woiild  be  able  to  supplement  his  verbal  report  with  some 
remarkable  figures  which  ho  had  sent  to  Lloyd's.  But  he  wished  to 
say  that  was  only  one  case  of  many,  some  not  unconnected  with  the 
Navy,  in  which  he  had  found  that  once  that  brittleness — he  did  not 
mean  brittleness  of  the  ordinary  kind,  but  brittleness  under 
vibration  or  under  alternating  stress — was  developed  in  a  steel, 
heat  treatment  of  whatever  description  aggravated  the  mischief. 
Tliat  had  been  conclusively  proved,  and  he,  in  the  most  earnest 
words  he  could  use,  asked  the  Institution  of  Mechanical  Engineers 
to  believe  that  if  once  a  steel  had  gone  brittle,  either  mechanically 
brittle  or  brittle  under  alternating  stress,;  tho  only  safe  haven  for 
that  steel  was  the  scrap  heap. 

The  boiler  plates  to  which  he  had  just  referred  each  weighed 
about  3  tons.  Pieces  taken  along  the  fracture  line  gave  the 
following  results:  Elastic  limit  16  and  maximum  stress  30*3  tons 
per  square  inch.  Elongation  per  cent,  on  2  inches  28  •  5  aud 
reduction  of  area  51  per  cent.  Small  bending  tests  -J  of  an  inclis 
sfjuare  were  violently  hammered  over  a  sharp  edge  to  110^.  They 
were  then  doubled  close  up  by  pressure  without  showing  signs  of 
any  flaw.  On  analysis  the  plates  registered  about  0-2  per  cent. 
carbon,  0'5  manganese  and  O'Oo  each  of  silicon,  sulphur  and 
phosphorus.  Under  the  alternating-stress  test,  described  by  tho 
speaker  at  the  Congress  of  the  lustitution  of  Civil  Engineers  in 
May  1903,  the  following  strictly  comparative  results  were  obtained. 
Satisfactory  boiler-plate  steel,  1  inch  thick,  endured  in  four  tests 
alternations  varying  from  8G0  to  91G.  On  heating  jiieces  of  this 
satisfactory  plate  for  half-an-hour  at  1,400"  C.  (2,552°  F.)  the  steel 
was  found  to  give  perfectly  satisfactory  bending  tests,  but  under 
alternation   endured   only  266   reversals.     A  piece  of  this  spoiled 
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tittcl  was  then  luftto.l  to  000  C.  (1,G52  F.)  and  then  coultd  in  air, 
when  it  cndurcJ  only  331  alternations.  The  fractured  boiler  plato 
as  reoeivod  hod  an  onduniuco  varying  from  lOH  to  8G4  alternationn, 
very  strong  eyidonco  existed  that  the  bad  test-pioccs  were  machino<l 
from  the  inside  and  the  gocKl  test-pieces  from  the  outside  of  the 
plate. 

Through  all  tlwniial  treatment  the  jialrs  containing  one  tjofxl 
and  one  bad  fj)€nmeii  maintained  their  relative  projterties,  otic 
t'udtiring  only  about  half  tin-  alternations  necessary  to  fracture  the 
other. 

For  instance,  inside  and  outside  test-pieces  were  heated  to 
'.'00  C.  (1,G52  F.)  and  cooled  in  air;  one  endured  oOO  and  the  other 
26m  alternations.  Another  puir  were  heated  at  "J50  for  half-an-hour 
and  cooled  down  during  about  G  hours.  Of  these,  one  endure-l 
782  and  the  other  388  alternations.  A  third  pair  were  water- 
quenched  from  950  :  one  endured  314  and  the  other  15G 
alternations.  A  fourth  pair  were  oil-quenched  from  DiJO  :  one 
endured  G30  and  the  other  240  alternations. 

In  a  second  cijierimental  series,  the  severity  of  the  test  was 
diminished  till  good  boiler-plate  steel  endured  about  1,400 
alternations.  Under  these  conditions  an  oil-quenched  jmir  from  the 
bad  plate  gave  the  following  results:  the  outside  piece  fractured 
after  1,378  reversals,  the  inside  piece  endured  only  694  alternations. 
In  another  boiler  having  { ,';  inch  thick  shell  plate,  the  end  plate 
split  right  across  diametrically  under  steam.  Under  the  moix- 
severe  of  the  two  tests  just  described,  this  steel,  under  alternating 
stress,  gave  results  varying  from  those  of  good  boiler-plate  steel, 
namely  814  reversals  down  to  only  450  alternations  beforo 
fracture. 

On  heating  a  pair  of  test-pieces  to  000  C.  (1,652'  F.)  and  cooling 
in  air,  one  bar  stood  3S0  and  the  other  280  alternations,  the  restomtive 
treatment  having  made  bad  test-pieces  worse. 

These  results  were  only  indicative  of  a  largt'  number  of  tests 
which  he  hoped  to  be  allowed  to  embody  in  a  formal  Paper,  as  it  was 
of  the  utmost  importance  to  engineers  that  such  facts  should  bo 
fully  discussed,  and  if  i)03sible,  explained. 
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Ho  liad  observed  witli  interest  Mr.  Stead's  diagram,  Fig.  163, 
Plato  40,  roiiresenting  the  micro-tliormal  transformatious  at  the 
so-called  critical  points  of  steel,  but  regretted  tbat  his  own 
observations  did  not  agree  with  those  of  Mr,  Stead,  whose  diagram, 
at  any  rato  from  the  second  compartment  onwards,  involved  au 
initial  and  cumulative  error,  which,  in  the  last  division  representing 
the  transformation  of  l--i  per  cent,  carbon  steel,  had  become 
colossal.  As  a  matter  of  fact,  such  steels  presented  only  a  single 
point  of  transformation  on  heating,  namely  Osmond's  (Ac  1-2-3) 
at  about  710''  C.  (1,310°  F.)  The  diffusion  or  solution  of  tbo 
cementite  was  also  inaccurately  represented.  The  actual  facts  on 
heating  and  quenching  a  supersaturated  steel  containing  I'd  per 
cent,  carbon  were  represented  with  substantial  accuracy  in  the 
diagram,*  Fig.  165,  Plate  41.  At  (Ac  1-2-3)  about  710''  C.  the 
pearlite  cells  or  crystals  formed  hardenite,  having  an  empirical 
composition  corresponding  from  a  practical  point  of  view  with  the 
formula  Fe24C. 

Passing  from  about  710°  (1,310'  F.)  to  900°  C.  (1,652°  F.) 
the  cementite  segregated,  forming  first  into  thicker  cell  walls  and 
then  into  detached  masses.  About  900''  C.  the  cementite  and  hardenito 
inter-penetrated  or  diffused,  and  at  about  1,000°  C.  (1,832^  F.)  were  in 
molecular  mixture.  On  quenching,  the  cementite  again  segregated, 
forming  small  cell  walls  enclosing  cells  of  hardenite,  much  cementite 
also  appearing  in  fine  lines  and  varying  planes,  marking  line& 
of  cubic  crystallization  within  the  little  cells  of  hardenite.  These 
facts  he  had  proved  experimentally  very  many  times. 

Mr.  R.  A.  Hadfield  heartily  congratulated  the  author  upon  the- 
way  in  which  he  had  presented  his  Eeport.  Everyone  knew  it  was 
not  an  easy  task  to  take  up  the  work  of  a  distinguished  jn-edecessor, 
but  Professor  Gowland  had  conducted  his  researches  in  a  very 
able  manner  indeed,  and  therefore  he  offered  him  his  heartiest 
congratulations.     He  also  desired  to  congratulate  Mr.  Merrett  and 

*  Thifl  diagram  does  not  hold  good  for  "  soaked  "  steels,  since  with  suflBcienrt 
time  cementite  segregates  below  T.'iO''  C.  (1,382*'  F.). 
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Mr.  llurUml,  tlio  liittiT  nf  whom  had  jiiBt  brought  out  a  uow  wcrk 
on  tho  Metallurgy  of  iSteol,  for  which  ho  was  outitled  to  their  heartiebt 
thanks.  Few  Kngliiibmeu  hiul  written  u  work  up  to  the  jtrcBeut 
on  that  subject;  engineers  in  tho  patit  luul  had  to  refer  very 
largely  to  Howe's  wtdl-kuown  work,  but  Mr.  Hurbord's  recent 
publication  was  a  work  thoroughly  up  to  dato  on  a  very  important 
subject,  to  which  anyone  could  refer  with  the  utmost  certainty,  and 
know  that  tho  facts  given  were  quite  correct.  lie  also  wibliod  to 
8tate  that  tho  views  of  Mr.  Ilarbord,  as  expressed  in  his  book,  with 
regard  to  allotropy  were  very  moderate,  and  it  was  a  great  pleasure 
to  find  him  stating  the  views  he  had  done  on  that  imjwrtaut  question. 
As  a  member  of  the  Alloys  Research  Committee  he  (Mr.  Hadfield) 
wished  to  point  out  that  there  were  in  the  lioport  some  rather  strong 
statements  on  the  question  of  allotropy,  and  he  was  sure  he  would 
not  bo  transgressing  if  he  said  that  the  opinions  expressed  were  not 
those  of  the  Committee.  As  a  Committee  they  took  no  sides 
whatever  and  expressed  no  opinions,  and  therefore  they  were 
presented  more  or  less  as  those  of  the  late  distinguished  author  or 
originator  of  the  whole  Report,  and  not  those  of  the  members  of  the 
Committee  itself.  He  could  not  help  referring  to  that  fact  because 
it  was  said  (page  9)  :  "  It  is  now  known  that  the  allotropic  changes 
in  the  iron  itself  are  tho  all-important  factors."  He  thought  it 
would  have  been  much  better  if  the  word  "  believed  "  had  been  used 
instead  of  "  known,"  because  as  a  Caibonist  he  did  not  think  that  u]> 
to  the  present  time  there  were  any  kuown  facts ;  all  statements  were 
purely  theoretical.  Mr.  Ilarbord,  in  the  book  he  had  referred  to, 
had  shown  that  the  late  Sir  William  Roberts- Austen  and  Professor 
Howe  did  not  quite  agreij  in  their  definition  of  allotropy.  Sir 
William  defined  allotropy  as  "  a  change  of  internal  energy  occurring 
in  an  element  at  a  critical  temperature,  not  necessarily  accompanied 
by  a  change  of  state."  Professor  Howe's  definition  was :  '*  Allotropy 
is  a  change  in  the  properties  of  an  element  without  change  of  state." 
Until  a  clearer  statement  was  forthcoming  by  supporters  of  the  theory, 
he  did  not  think  they  could  give  their  full  consent  and  sanction. 

There  was  a  very  strong  statement  (page  10)  that  the  theories  held 
on  behalf  of  carbon  alone  had  had  to  bo  abandoned.     As  a  Carbonist 
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lie  (lid  nut  at  all  agree  with  that  statement ;  there  was  no  more  proof 
that  a  Carbouist  uecd  abandon  his  theory  now  than  there  was  when 
the  First  Report  of  the  Alloys  Research  Committee  was  published. 
Those  who  had  read  ]\Ir.  Field's  remarkable  Pajier  on  the  Condition 
of  Carbon  in  Iron — Mr.  Field  was  an  American  who  had  been  working 
very  hard  at  the  subject — would  admit  there  was  a  great  deal  indeed 
yet  to  be  said  on  behalf  of  the  carbonist  theory.  The  members  knew 
that  the  originator  and  greatest  suj)i)orter  of  the  allotropic  theory 
was  their  very  respected  and  able  friend  M.  Osmond,  of  Paris.  They 
all  had  the  most  profound  respect  for  what  he  said,  but  M.  Osmond 
did  not  put  the  allotropic  case  as  it  was  presented  in  the  Rej)ort. 
Carbonists  did  not  object  to  allotropic  propositions,  but  they  could 
not  admit  that  they  were  proven.  Those  who  were  present  when 
Professor  Le  Chatelier  spoke  in  the  Hall  only  a  fortnight  ago  would 
remember  he  said  that  their  knowledge  regarding  the  allotropic 
transformations  of  iron  and  steel  had  not  yet  been  very  much 
advanced.  Professor  Le  Chatelier  was  in  constant  contact  with 
iVI.  Osmond,  and  he  thought  a  strong  statement  of  that  kind  was 
important  evidence  that  Carbonists  could  not  admit  all  that  had  been 
claimed  on  behalf  of  the  allotropic  theory.  In  saying  that,  he  was 
objecting  chiefly  to  the  statement  that  there  was  &  (3  "  diamond- 
hard  "  form  of  iron.  It  was  quite  possible  that  iron  might  change 
its  form,  but  he  thought  not  in  the  way  that  had  been  hitherto 
presented.  He  thought  it  was  time  a  truce  on  the  question  was 
called,  and  he  suggested  that  this  might  be  brought  about  by  the 
Research  Committee ;  he  did  not  quite  know  how  at  the  moment,  but 
under  Sir  William  White's  able  guidance  he  was  sure  it  could  be 
arranged,  whereby  those  who  represented  the  carbonist  theory,  and 
those  who  so  strongly  represented  the  allotropic  theory  should  meet 
together  and  see  if  it  was  not  possible  to  find  some  common  ground 
upon  which  to  work.  Ho  and  other  Carbonists  were  only  too  willing 
to  admit  that  Sir  William  Roberts- Austen,  M.  Osmond,  Professor 
Howe  and  other  allotropists  had  done  magnificent  work  in  the  past, 
and  they  would  be  only  too  delighted  if  there  was  some  possible 
way  of  bringing  about  a  better  state  of  understanding  on  such  an 
important  matter. 


\ 
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^Vith  rcganl  to  tbe  curbouist  theory  aud  the  cause  of  tbo  intuuKu 
lianliichs  of  liarJeueil  Kteol,  M.  OhiuoiicI  had  roccutly  made  au 
iiujHirtuut  8t«t«iucut,  uud  ho  (Mr.  Hadfield)  th»»ught  u  couccsuiiju. 
While  discussing  one  of  his  (Mr.  Hadliold's)  Papers,  M.  Osmuud 
hud  receutly  stated  some  iin2)ortaut  facts,  aud  us  those  facts  had  not 
yet  been  lucutiouod  ou  this  side  of  tlio  water—  they  had  only,  so  far 
as  he  knew,  appeared  iu  a  very  recent  American  publication — ho 
would,  with  the  Chairman's  permission,  refer  to  them.  M.  Osmond 
had  admitted  thut  the  three  priucij)al  modifiers  of  iron  were 
liardcuiug  carbon,  manganese,  aud  uickul,  which  he  thought  went 
largely  to  prove  the  case  of  the  Carbonists.  The  Carbonists  said  that 
Lardeuiug  carbon  hud  u  remarkable  influence  upon  iron,  an  influeuce 
w  hich  they  did  nut  yet  understand.  M.  Osmond  acknowledged  that 
statement  when  he  stated  that  1  *  G5  parts  of  hardeuiug  curbou  were 
equal  to  11  of  manganese  and  29  of  nickel.  He  thought  that  was 
the  very  point  for  which  Carbonists  hud  been  contending  so  long. 
He  himsult"  was  inclined  to  go  further  than  that.  Everyone  knew 
the  extraordinary  influence  of  phosphorus  upon  iron.  The  presence 
of  0*10  per  cent,  of  phosphorus  in  iron  represented  bad  steel, 
whereas  0*01  was  exceedingly  good  steel.  If  it  was  possible  for 
such  minute  quantities  of  phosphorus  to  produce  such  extraordinary 
effects  upon  iron,  was  it  not  possible  that  carbon  had  ten 
times  or  perhaps  a  hundred  or  a  thousand  times  the  influence  of 
phosphorus ;  and,  if  so,  iu  that  alone  he  thought  they  found  to  a 
large  extent  a  satisfactory  explanation  as  to  the  phenomena  noticed 
in  hardening.  His  firm  had  been  carry iug  out  at  the  works  for  a 
number  of  years  a  most  exhaustive  series  of  experiments,  for  the 
purpose  of  ascertaining  what  were  the  differences  iu  the  percentages 
of  hardening  carbon  present  iu  steel.  It  was  a  most  difficult  task, 
to  whieh  he  wished  his  friend  Mr.  Stead  could  devote  part  of  his 
time  ;  but  Mr.  Steud  had  so  many  questions  under  examiuutiou  that, 
he  regretted  to  say,  the  Institution  had  not  for  a  long  time  had 
Communications  from  him  ou  this  interesting  subject.  About  10  or 
12  years  ago  ho  thought  Mr.  Stead  intended  to  take  up  that  line  of 
research  specially,  and  he  sincerely  wished  that  he  would  yet  find  time 
to  do  80.     It  seemed  to  him  that  if  some  method  on  the  chemical 
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side  could  bo  found  of  correctly  determiniug  the  amount  of  hardening 
carbon  in  steel,  it  would  bo  of  the  utmost  importance,  lie  believed 
that  most  minute  changes  in  the  quantity  of  hardening  carbon 
present  had  the  most  profound  influence  upon  the  character  of  iron. 

Keferring  again  for  one  moment  to  the  allotropic  theory,  ho 
wished  to  propound  a  question  to  those  who  supported  that  theory. 
For  some  months  past,  in  conjunction  with  Professor  Dewar,  he  had 
been  carrying  out  some  important  tests  regarding  the  effects  of  low 
temperature  upon  iron.  Ho  was  greatly  indebted  to  Professor 
Dewar  for  the  interest  he  had  shown  in  the  work.  lie  had 
much  pleasure  in  showing  that  evening  two  very  remarkable 
specimens ;  he  was  not  aware  that  any  iniblic  reference  had 
before  been  made  to  exactly  the  same  results  as  he  hoped  to 
show  the  members  shortly.  He  held  in  his  hand  a  specimen  of 
almost  pure  Swedish  ii'on  which  contained  99*89  per  cent,  of  iron, 
about  0*03  per  cent,  of  carbon,  and  mere  traces  of  sulphur  and 
phosphorus.  Two  similar  specimens  were  submitted  to  Professor 
Dewar,  and  one  of  them,  tested  at  the  ordinary  atmospheric 
temperature,  gave  a  tensile  strength  of  about  21  tons  per  square 
inch,  with  an  elongation  of  about  25  per  cent,  on  a  length  of  2 
inches.  The  second  specimen  of  the  same  material  was  submitted  to 
the  low  temperature  of  — 180"  C.  (  —  356°  F.),  when  the  tensile  strength 
ran  up  to,  one  might  safely  say,  the  enormous  figure  of  54  tons  to  the 
square  inch  with  no  elongation.  What  had  occurred  in  that  iron  ? 
The  half  of  the  test-bar  of  the  second  specimen  submitted  to  the 
low  temperature  after  returning^  to  the  ordinary  temperature  bent 
double  cold,  and  the  tensile  strength  again  became  normal.  He 
thought  that  was  a  most  extraordinary  result.  One  specimen 
indicated  that  iron  at  a  low  temperature  showed  extraordinary 
brittleness,  and  the  other  end  of  the  same  test-bar,  when  allowed 
to  go  back  to  the  ordinary  atmospheric  temperature  was  bent  double 
cold,  showing  that  the  molecular  condition  was  purely  temporary. 
The  same  specimen,  when  submitted  to  magnetic  observation,  showed 
that  the  magnetic  conditions  of  the  sample  remained  practically  the 
same  under  the  various  cotiditions.  The  allotropic  theory  would 
rather  lead  to  the  proposition  that  ^  iron  was  non-magnetic,  but  the 
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sainpio  ho  had  showed  n-maiuud  mtigiu-tic  throughout  tho  whole 
career  of  its  testing,  and  was  brittle;  while,  on  tho  other  hand,  the 
other  s|)eciiueu  was  in  its  toughest  eouditiou,  and  he  could 
not  himself  seo  how  tho  allotropic  theory  could  supply  a  projxjr 
explanation  of  that  fact.  lie  thought  it  wiis  due  to  the  form  of 
molecular  change,  which  was  entirely  outside  all  chemical  action. 
The  same  remark  applied  to  manganese  steel,  which  was  non-magnetic 
at  ordinary  temperatures ;  it  was  also  non-magnetic  at  extremely  low 
tompcraturi'8.  One  could  not  explain  tho  discrepancies  by  the 
difference  in  the  form  of  the  iron  present,  because,  apparently,  in 
regard  to  tho  magnetic  or  non-magnetic  qualities,  they  were  entirely 
the  same. 

In  regard  to  the  Report  itself,  he  was  very  glad  indeed  to  hear 
Mr.  Stead's  explanation  as  to  tho  way  in  which  the  steel  was 
manufactured,  and  he  would  like  to  ask  him,  if  possible,  for  one 
other  piece  of  information,  which,  ho  hoped,  he  would  not  have  any 
objection  to  giving,  namely,  by  whom  the  steel  was  made.  There 
had  been  some  confusion  in  his  own  mind  as  to  how  the  specimens 
were  made,  whether  they  were  basic  steel  or  crucible  steel,  but  Mr. 
Stead  had  explained  that  point.  He  thought  Mr.  Stead  said  they 
were  made  by  Messrs.  Andrews  ;  if  that  was  so,  it  was  a  guarantee  of 
very  excellent  quality. 

"With  regard  to  the  facts  given  on  page  2C,  lie  confessed  that  he, 
like  others,  was  very  much  puzzled  in  regard  to  the  elastic  limit. 
Specimens  were  there  given  showing  0-18  per  cent,  of  carbon  and 
yet  an  elastic  limit  of  90  per  cent,  of  the  ultimate  strength.  Those 
were  very  remarkable  specimens,  and  he  thought  it  would  be  best  if 
the  experiments  could  be  repeated  in  some  way  on  a  sensitive  machine. 
It  might  be  there  was  some  slight  elastic  limit  that  had  not  yet 
been  noticed,  which  would  be  observed  at  lower  tensile  stresses. 
AVith  regard  to  the  saturation  point  mentioned  on  page  28,  he  was  very 
glad  indeed  to  notice  that  the  Report  took  cognizance  of  that 
important  point,  discoveretl  by  Professor  Arnold  ;  he  wished  to  give 
that  gentleman  full  credit  for  first  bringing  before  the  notice  of 
Bteel-makers  that  very  valuable  fact.  Few,  if  ony,  steel-makers  had 
recognized  that  the  particular  point  at  which  saturation  occurred  was 
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betvreeu  0  •  8  aud  0  •  9  per  cent,  of  carbon,  until  Professor  Arnold 
carried  out  his  historic  work  some  eight  or  nine  years  ago.  It 
specially  applied  to  those  who  dealt  with  hard  steels  in  making  shot 
and  shell,  and  the  indications  first  set  forth  by  Professor  Arnold  had 
been  of  the  greatest  practical  value,  a  point  at  which  the  Institution 
specially  aimed.  He  would  like  to  ask  the  author  if  he  could  give 
any  further  information  on  some  of  the  statements  made  on  page  47. 
It  was  there  stated  "  Further,  it  is  well  known  that  imperfect 
quenching  sets  uj)  internal  strains  in  steel  which  arc  not  entirely 
eliminated  by  the  subsequent  annealing,  owing  to  the  variation  in 
the  density  of  the  metal  throughout  the  mass."  His  own  practical 
oxpcrience  indicated  that  if  a  material  was  not  hardened,  there  could 
be  very  little  real  strain  produced,  that  is,  the  stress  produced  by 
quick  quenching  did  not  strain  the  metal  in  any  way.  Perhaps  the 
author  would  give  some  further  explanation  on  that  point.  Ho 
again  took  the  opportunity  of  thanking  Professor  Gowland  for  the 
great  trouble  he  had  taken  in  2^reparing  such  a  very  important 
research. 

Mr.  Stead,  in  answer  to  Mr.  Hadfield's  question,  said  he  was  afraid, 
after  the  remarks  of  Professor  Arnold  in  regard  to  the  steel  bars, 
that  were  he  to  give  the  name  of  the  makers,  either  Professor  Arnold 
or  he  himself  might  be  drawn  into  a  libel  case.  He  might  inform 
them  that  they  were  steels  manufactured  in  the  ordinary  way  of 
business,  such  as  were  constantly  sent  out  to  customers ;  they  were 
manufactured  by  a  firm  of  very  high  standing,  and  every  one  of  the 
whole  series  must  be  regarded  as  of  excellent  quality. 

Professor  W.  Cawthokne  Unwin  said  that  as  one  who  belonged  to 
no  metallurgical  school,  he  felt  a  great  deal  of  diffidence  in  interposing 
in  the  present  battle  royal  between  two  important  schools  of  thought. 
All  he  had  to  say  relatsd  to  quite  small  matters.  He  could  not  help 
thinking  that  if  there  were  anomalies  in  some  of  the  experiments,  one 
reason  was  they  were  made  on  such  very  small  test-bars.  The  test- 
bars  were  only  a  quarter  square-inch  area  and  2  inches  gauge- 
length,  and  with  bars  of  that  size  his  own  feeling  was  that  small 
defects  or  other  causes  introduced  anomalies  which  were  larger  than 
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were  gencriilly  recogniBod  iu  ordinary  coinmerciul  testing.  It  wijuU 
bo  very  desirablo,  if  possible,  if  tbo  origiuul  iuteutiou  of  tlio 
Couimittoo  coubl  bo  carried  out,  and  some  of  tbo  important  i>oint« 
ro-testod  witb  tost-bars  of  a  larger  size.  One  curious  point  bod 
arisen  in  tbo  Keport  in  rogaid  to  tbo  exceptional  ratio  of  tbo  yield 
point  (it  was  called  generally  in  tbo  Report  "elastic  limit ')  to  tLo 
breaking  stress,  wbicb,  in  spito  of  Professor  ArnoM,  bad  often  been 
called  breaking  strain,  and  wbicb,  as  far  as  be  knew,  among  engineers 
was  never  called  "  maximum  stress."  lie  used  tbo  word  "  maximum 
stress"  to  bis  students,  but  bo  bad  never  discovered  it  in  an 
engineering  paper. 

He  tbougbt  tbero  were  two  very  possible  reasons  for  tbe 
exceptional  results  given  in  tbe  Rei)ort,  and  tbero  was  one  very 
simple  reason,  tbat  it  was  by  no  means  so  easy  as  people  supposed 
to  determine  tbe  yield  point  accurately  on  small  specimens  on  a 
gauge  lengtb  of  2  iucbes.  Tbe  determination  of  the  yield  point  was 
often  made  by  wbat  was  called  tbo  drop  of  tbe  lever,  wbicb  be 
tbougbt  was  at  times  extremely  fallacious.  It  was  sometimes  made 
by  observing  tbe  first  visible  stretcb  of  tbe  specimen,  and  sometimes 
by  tbe  autograpb  diagram.  It  was  least  difficult  wber>-  an  autograpb 
diagram  was  taken,  but  tbere  was  still  some  difficulty  in  quite 
accurately  determining  tbe  yield  point.  The  next  point  was  a  more 
important  one.  Many  of  tbe  steels  were  very  distiuctly  hard  steels, 
and  there  was  difficulty  in  testing  short  bars  ol  such  a  kind,  iu 
avoiding  tbe  introduction  of  bending  stresses  in  addition  to  the 
tensile  stress.  He  tested  two  or  three  bars  for  Professor  Gowland 
in  a  10-ton  machine,  using  tbe  most  sensitive  machine  be  had,  but  he 
was  not  able  to  satisfy  himself  tbat  he  succeeded  in  eliminating 
bending  stresses,  although  ho  used  spherical  seatings  with  the  bars 
be  tested.  There  was  no  means  of  knowing,  after  tbo  test  had  been 
made,  that  tbere  bad  not  been  some  bending  stress  as  well  as  the 
proper  tensile  stress.  The  bars  tested  bad  screwed  ends,  and  with 
screwed  ends  one  could  not  be  quite  sure  of  getting  rid  of  the  bending 
stress  ;  tbe  screw  threads  seated  imperfectly  on  the  nuts.  If  there 
was  any  bending  stress  present,  too  low  a  breaking  stress  was 
obtained  ;  and,  of  course,  if  some  of  tbe  breaking  stresses  on  the 
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tests  made  were  lower  because  there  was  bending  stress,  then  it  would 
partly  explain  the  bigli  ratio  of  limit  to  breaking  stress  wLicli 
appeared  in  some  of  tbe  results.  He  did  not  say  that  that  was  the 
case,  but  he  merely  threw  it  out  as  a  suggestion  arising  out  of  his 
experience  of  testing. 

At  the  last  meeting  reference  was  made  to  the  notched-bar  tests, 
about  which  one  heard  a  good  deal  at  the  present  time.  He  had 
been  making  some  notched-bar  tests,  and  rightly  or  wrongly  he 
thought  some  of  the  ideas  held  with  regard  to  them  were  a  little 
erroneous.  Notched-bar  tests  gave  relative  results  very  diiFerent 
from  ordinary  tensile  tests.  To  take  one  case,  in  a  notched-bar  test 
a  very  good  homogeneous  steel,  with  large  ultimate  elongation,  only 
gave  about  half  the  work  to  break  it  that  a  piece  of  common 
wrought-iron  tvould,  which  had  a  much  lower  breaking  stress  and  a 
much  lower  ultimate  elongation  in  tensile  testing.  It  was  commonly 
said  that  the  diflerence  between  the  notched-bar  test  and  the  tensile 
test  was  due  to  the  fact  that  the  former  was  made  by  impact.  lie 
did  not  think  it  was  generally  known  that,  if  one  notched  a  bar  and 
broke  it  in  the  ordinary  way  in  the  tensile  testing  machine,  results 
were  obtained  which  were  not  quite  so  marked,  but  still  wholly  of 
the  same  kind  as  if  one  notched  a  bar  and  broke  it  by  impact,  and 
therefore  the  results  which  were  obtained  of  notched-bar  tests  were 
not  specially  due  to  the  fact  that  the  bar  was  broken  by  impact,  but 
to  the  fact  that  the  bar  had  been  notched.  Notching  the  bar 
prevented  any  elongation  or  contraction  of  area  in  the  jjlane  of  the 
fracture.  "What  happened  in  the  notched-bar  test  was  that  there 
was  a  progressive  tear,  which  probably  picked  out  easy  lines  of 
fracture  amongst  the  molecules  of  which  the  steel  was  made  up.  It 
had  been  known  for  a  very  long  time  that,  when  a  bar  was  subjected 
to  repeated  stresses,  it  broke  with  sometimes  half  or  less  than  half  its 
statical  breaking  load— with  a  breaking  load  sometimes  even  below 
its  initial  elastic  limit.  lie  had  broken  a  great  many  bars  by  such 
fatigue  tests,  and  where  they  broke  very  nicely  it  was  perfectly  easy 
to  trace  that  the  fracture  began  by  the  formation  of  a  circular  fissure 
all  round  the  bar,  which  progressed  gradually  till  the  bar  was  so 
reduced  in  strength  that  it  broke  suddenly.     That  was  a  fracture 
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exactly  analogous  to  tlie  notclio«l-bar  Imcturc ;  and  the  result 
obtaiufil  in  a  fatigue  test  threw  some  liglit  also  on  the  ease  of  the 
uotched-bar  fracture.  Ho  bad  uo  doubt  that  notcbcd-bar  testn  were 
goiug  to  be  of  causiderablo  value ;  ho  had  not  made  up  his  miud 
liniilly  about  them  yet,  but  there  was  no  doubt  they  required 
stuiuhirdiziug,  and  a  little  clearer  interpretation  of  them  was  wanted 
tliun  was  j)ossessed  ut  the  present  time. 

Dr.  n.  C.  H.  Carpknteb  said  the  first  point  to  which  he  wished 
to  refer  was  the  fact  that  the  bars  were  annealed  at  620'  C. 
(1,148"  F.).  It  was  quite  true,  as  the  author  pointed  out,  that  that 
temperature  was  below  the  lowest  about  which  accurate  and  definite 
information  was  possessed,  that  is,  the  pearlite  point.  Nevertheless 
it  was  well  to  remember  that  in  the  Fifth  Report  *  of  the  Alloys 
liesearch  Committee  reference  was  made  in  the  case  of  two  irons  to  a 
point  in  the  neighbourhood  of  COO  C.  (1,112  F.) — that  point  was 
obtained  with  electrolytic  iron  containing  no  carbon  at  all — and 
also  to  a  steel  containing,  as  far  as  he  remembered,  0-51  per  cent,  of 
carbon.  It  was  not  obtained  with  three  steels  of  intermediate 
composition.  He  would  like  to  ask  Professor  Gowland  whether 
cooling  curves  were  taken  of  the  steels,  and  whether  that  particular 
point,  which  was  quite  a  long-drawn-out  one,  he  believed,  was 
observed  in  the  case  of  any  of  them.  That  might  throw  some  li"ht 
upon  the  fact  that  a  diflerence  in  the  mechanical  properties  was 
obtained  by  annealing  at  that  temperature.  The  author  stated 
(page  38  j  that  as  the  mechanical  properties  of  the  bars  annealed  at 
yOO  C.  and  1,100  C.  (1,052  F.  and  2,012  F.)  were  similar,  one 
might  expect  that  the  structures  would  be  similar  also,  and  they 

Pointed  out  that  that  was  borne  out  in  the  case  of  steels  containinf» 
up  to  0'72j)er  cent,  of  carbon,  but  that  the  structures  were  difierent 
in  the  case  of  the  bars  containing  more  carbon;  and  they  concluded 
from  the  photo-micrographs  that  a  decomposition  of  the  cementite 
into  iron  and  amorphous  carbon  hud  taken  jilace.  He  thought  they 
might  conclude,  from  the  paragraph  which  followed,  that  the  author 

•  Proceedings,  1899,  pege  35. 
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dill  not  fiud  actually  any  evidence  of  the  presence  of  carbon  in  the 
sections,  because  he  relied  for  his  proof  of  that  decomposition 
upon  an  experiment  in  which  iron  carbide  was  heated  up  to  about 
1,200^  C.  (2,192'  F.),  and  in  that  case  he  found  that  carbon  was 
undoubtedly  present.  He  did  not  think  that  case  could  bo  accepted 
as  analogous,  and  he  proposed  to  view  the  two  cases  in  the  light  of 
Professor  Eakhuis  -  Koozeboom's  modified  diagram  of  Plate  3. 
According  to  that  diagram,  iron  carbide,  when  a  temperature  of 
1,000'  C.  (1,832'  F.)  was  reached,  would  decompose  into  austenito 
— he  would  assume  it  was  austenite  for  the  time — and  graphite. 
That  would  be  one  of  the  points  which  the  authors  observed,  no 
doubt ;  while  at  1,130"  C.  (2,0G6°  F.)  the  mixture  melted,  giving 
a  liquid  iron-carbon  alloy  containing  4*3  per  cent,  of  carbon  and 
the  rest  graphite.  This  was  doubtless  the  other  point  observed  by 
the  author  on  his  curves.  The  author  was  no  doubt  aware 
that  that  experiment  had  also  been  performed  by  Mylius,  who 
showed  not  only  that  that  decomposition  took  place,  but  that  the 
residue  consisted  of  an  iron-carbon  alloy,  containing  4 '  3  per  cent,  of 
carbon,  the  remainder  being  graphite.  Therefore  the  decomposition 
which  the  author  had  observed  merely  confirmed  the  experiment 
which  was  done  by  Mylius.  But  it  was  quite  different  in  the  case  of 
the  three  alloys  examined  in  the  Eej)ort.  Reference  to  the  diagram 
would  show  that  to  take  the  alloy  highest  in  carbon,  that  containing 
1  •  3  per  cent.,  at  a  temperature  certainly  under  1,000"  C.  (1,832'  F.) 
in  the  neighbourhood  of  950'  C.  (1,742°  F.),  one  no  longer  had 
iron  carbide  there  as  such,  but  austenite,  or  martensite,  if  one  so  cared 
to  call  it,  at  any  rate,  iron  in  the  hardened  state.  There  was  no 
reason  for  supposing  that  this  system  was  unstable  at  1,100"  C. 
(2,012'  F.).  The  same  reasoning  would  apply  a  fortiori  to  the  alloys 
containing  0*8  and  0'9  per  cent,  carbon.  That  being  so,  he  thought 
it  was  simplest  to  assume  that  the  decomposition  to  which  the 
author  referred,  into  iron  and  carbon,  had  not  really  taken  place. 
He  referred  particularly  to  Fig.  81,  Plate  23  ;  that  was  the  only  one 
which  seemed  to  him  to  show  a  marked  difference  from  the  alloy  heated 
to  900"  C.  (1,652"  F.)  ;  that  contained  very  definite  evidence  that  what 
had  happened  had  been  that  the  pearlite  had  segregated  into  massive 
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forrito,  ou  tlio  ono  Imiul,  iiml  maKsivo  comeutito  on  tlio  other.  This 
\ras  jxissiltly  coimectecl  with  a  variation  in  tho  rate  of  cooling  of  the 
furnace,  which  tho  author  had  admitted  was  dopondout  on  the 
temperature  to  which  it  had  been  initially  heated.  That,  he  took  it, 
was  what  the  diagram  showed.  IIo  suggested  that  to  Professor 
Gowlaud  as  an  alternutivo  explunatinu  of  tho  photo-micrographs. 

He  would  like  also,  while  on  the  question  of  tho  diagrams,  to  ask 
whether  there  was  any  good  reason  for  omitting  a  line  which 
ajipeared  in  the  Fifth  Keport  (Plate  4, 189*J).  It  was  quite  true  it  was 
a  hypothetical  line  ;  nevertheless  it  seemed  to  him  to  be  necessary — to 
indicate  why  it  was  that,  when  cast-iron  was  quickly  cooled,  graphite 
was  not  formed  but  white  iron.  Professor  Eoozeboom  suggested 
that  it  might  be  explained  by  supposing  that  at  tlio  temperature  of 
1,130'  C.  (2,066'  F.)  one  did  not  get  the  separation  into  graphite  and 
austenite,  but  a  separation  into  cementite  and  austeuite  at  a  somewhat 
lower  temperature  ;  and  as  by  theory  they  were  cooling  very  quickly, 
as  soon  as  they  got  to  1,000^  C.  (1,832"  F.)  they  were  in  a  region 
where  the  cementite  and  austenite  formed  a  stable  system.  He 
would  like  to  ask  whether  that  line  had  been  omitted  for  any  good 
reason,  or  whether  it  was  merely  an  oversight.  In  conclusion,  he 
wished  to  eay  that  metallographists  were  extremely  indebted  to 
Mr.  Mcrrett  for  the  most  valuable  collection  of  jihoto-micrographs  he 
had  given,  which  would  be  very  useful  as  a  reference. 

Sir  WuuAM  H.  White,  K.C.B.,  Past-President,  said  it  was  about 
six  years  ago,  on  tho  death  of  the  late  Sir  William  Anderson,  whose 
influence  had  so  much  to  do  with  the  starting  of  the  Alloys  Research, 
that  he  undertook  to  succeed  him  in  the  post  of  Chairman  of  the 
Alloys  Research  Committee.  He  had  nothing  to  do  with  the 
previous  work,  except  to  read  the  Reports,  and  he  could  not  claim  to 
have  had  any  very  great  personal  influence  upon  the  work  that  had 
been  done  since,  although  naturally  he  had  throughout  taken  a  great 
interest  in  the  inquiry.  He  had  followed  closely  the  discussions 
that  had  taken  place,  and  on  previous  occasions  had  tho  privilege  of 
hearing  the  battles  royal  which  occurred  between  Sir  William 
Boberts- Austen  and  Professor  Arnold,  in  which  each  maintained  his 
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views,  and,  so  far  as  bo  was  able  to  judge,  neitber  convinced  tbe 
otber.  Ho  tbougbt  be  understood  a  little  of  tbe  merits  of  tbc  case, 
but  did  not  propose  to  give  any  opinion.  He  was  very  tbaukful 
tbere  was  no  reason  tbat  tbe  practical  engineers,  wbo  bad  to  use  tbe 
materials,  need  bo  called  in  as  a  jury  to  decide  tbat  knotty  question. 
He  tbougbt,  if  be  migbt  say  so,  tbat  on  wbat  was  called  tbe 
"  scientific  "  side  (wbicb  seemed  to  bim  in  tbat  particular  instance 
not  yet  to  bave  reacbed  tbe  stage  of  real  science)  matters  were  left 
somewbat  in  tbe  condition  of  speculation  ;  wbereas  users  of 
material,  and  steel  makers,  bad  a  conviction  tbat  tbe  Alloys  Eesearcb 
bad  been  one  of  very  great  practical  value  to  tbem  and  bad  belped 
to  clear  up  many  doubtful  points.  He  imderstood  Mr.  Hadfield  to 
endorse  tbat  view  beartily.  Wbatever  migbt  be  said  about  tbe 
tbeory  of  tbe  pbenomena  governing  tbe  structure  and  properties  of 
alloys,  tbe  ascertainment  and  collation  of  facts  bad  been  of  great 
value  to  tbe  makers  as  well  as  tbe  users  of  steel. 

He  tbougbt  it  was  important  tbat  tbey  sbould  not,  wbile  giving 
proper  attention  to  tbe  tbeory  of  tbe  subject,  overlook  its  intense 
practical  importance.  Tbe  profession  owed  a  great  debt  to  Professor 
Arnold  for  bis  very  interesting  and  most  able  inquiries  into  all  tbat 
concerned  tbe  properties  of  steel,  and  if  be  migbt  say  so,  be  could 
not  belp  tbinking  tbat  Professor  Arnold,  in  common  witb  many 
otbers,  bad  received  fresb  incentive  from  tbe  work  done  in  tbis 
Researcb,  and  from  tbe  difference  of  opinion  tbat  be  had  entertained 
in  connection  witb  tbe  inquiry.  Tbat  really  was  tbe  true  scientific 
view  of  tbe  matter — tbey  were  endeavouring  to  find  out  tbe  trutb, 
and  tbe  man,  wbo  for  years  was  tbe  devoted  servant  of  tbe  Institution 
in  tbe  conduct  of  tbe  inquiry,  was  as  mucb  a  seeker  after  trutb  as 
anybody. 

He  desired  to  say  one  word  more  about  tbe  composition  of  tbo 
Committee  in  relation  to  tbe  inquiry.  It  hardly  needed  saying,  but, 
as  Professor  Arnold  witb  great  propriety  did  not  treat  it  as  a 
personal  matter,  and  referred  to  tbe  Alloys  Eesearcb  Committee  and 
its  Report,  it  was  no  revelation  to  state  tbat  tbe  Report,  and  all  tbe 
preceding  Reports,  contained  simply  tbe  work  of  Sir  William 
Roberts- Austen  and  bis  staff.     Tbe  Researcb  Committee  in  no  sense 
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controllod  or  joiuod  in  tho  oxprcssiou  of  the  oi>inion  tliorein 
fitutaiufil.  Tho  j)nncij)al  iiujuirer  drafted  his  own  rc|Mirt,  and  tho 
<  'oiuinittto  iiUuwoti  that  to  bo  prcKentod  as  his  IJeiujrt,  an  it  was 
quito  right  and  proper  they  should.  But  they  took  no  resiKmsibility 
for  tho  opinions  of  Sir  >Villiam  Roberts-Austen,  based  upon  liis 
work ;  and  tho  Committoc,  acting  as  tho  representatives  of  tho 
Institution,  siuijdy  mado  suggestions  as  to  tho  direction  in  which 
they  thought  inquiries  might  usefully  i)roceed,  and  (so  far  as  they 
could)  assisted  in  any  matters  of  difticulty  or  policy  which  were 
referred  to  them  for  opinion.  Ho  took  it  he  did  not  go  wrong  in 
saying  (and  ho  could  say  it  perhaps  better  than  Professor  Gowland  ), 
that,  as  stated  in  his  prefatory  note,  Professor  Gowland  bad,  in  the 
present  instance,  not  attempted  any  verification  or  support  or 
endorsement  of  the  conclusions  of  his  illustrious  predecessor,  but 
had  acted  as  the  most  faithful  and  most  obliging  servant  of  the 
Institution  in  putting  into  its  final  shape  the  conclusions  at  which 
Sir  William  lioberts- Austen  had  arrived.  It  might  be  that  Professor 
CJowIand  supported  the  view  which  Sir  William  Eoberts- Austen 
enunciated  or  adhered  to.  Whether  be  did,  or  did  not,  did  not  touch 
the  essential  fact  that,  in  the  present  inquiry,  he  bad  simply 
endeavoured  to  arrange  and  to  produce  for  the  convenience  of  the 
Institution  and  of  the  engineering  world,  a  Report  for  which  his 
famous  predecessor  had  prepared  tho  materials. 

The  Institution  now  came  to  the  end  of  the  work  which  was 
begun  in  April  1890.  Nearly  fourteen  years  had  passed  since  the 
beginning  of  the  work,  and  although  it  might  be  said  to  have 
practically  concluded  with  the  death  of  Sir  William  Roberts-Austen, 
that  was  a  very  long  period  for  such  an  inquiry  to  have  gone  on. 
He  thought  the  Members  of  the  Institution  might  congratulate 
themselves  that  the  research  had  been  carried  through  in  tho  way  it 
had.  It  had  involved  a  very  large  expenditure  of  money,  approaching 
£2,000;  there  had  never  been  any  stint  in  meeting  all  that  had 
been  asked  for.  The  statement  of  expenses  of  course  excluded 
altogether  any  consideration  of  the  great  value  of  the  services  of 
Sir  William  lioberts- Austen  and  some  of  his  stafl";  that  was  freely 
given,  and  tho  Institution  owed  those  gentlemen  a  great  debt.     It 
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uould  be  a  misfortimo  if  it  should  appear  that  so  long  and 
continuous  and  comparatively  costly  an  effort  Lad  failed  to  produce 
practical  results,  lie  was  quite  confident  tliat  Professor  Arnold  did 
not  doubt  the  fact  that  the  money  expended  had  produced  results 
with  which  they  might  be  satisfied,  although  Professor  Arnold 
might  not  agree  with  the  explanations  which  had  been  given  of  the 
facts,  or  with  the  theories  which  had  been  constructed  to  explain 
experimental  results.  At  all  events  he  could  say,  as  one  who  had  to 
watch  the  manufacture  of  steel  for  structural  purposes,  and  in 
connection  with  the  making  of  armour,  for  many  years,  that  in  his 
judgment  the  Eeports  had  been  of  great  practical  value.  He 
thought  he  was  not  going  beyond  the  truth  in  saying  that  some 
manufacturers — he  regretted  to  say  not  English — had  availed 
themselves  of  suggestions  contained  in  the  Eeports,  and  turned  them 
to  practical  account,  embodying  their  work  in  patents  based  upon  this 
Research,  and  so  securing  the  payment  of  large  royalties  by  English 
makers  for  processes  the  origin  of  which  were  to  be  found  in  the 
Reports  of  the  Committee,  which  he  regretted  to  say  had  not  found 
as  much  practical  application  in  England  as  they  should  have  done, 
or  at  as  early  a  date  as  he  hoped  might  have  been  the  case.  It  was 
a.iother  illustration  of  what  had  repeatedly  happened — that  English 
ideas  had  been  put  into  practical  shape  and  made  of  commercial 
advantage  outside  this  country  instead  of  inside  it. 

It  had  been  said  that  the  Researches  of  the  Committee  should 
have  been  conducted  on  a  larger  scale ;  he  saw  a  notice  a  few  day& 
ago  which  suggested  that  that  was  the  case ;  that  in  the  series  of 
experiments  which  had  been  made  larger  samples  and  duplicate 
tests  should  have  been  included.  Everyone  agreed  that  that  would 
have  been  desirable,  but  he  ventured  to  say  that  the  Institution  had 
done  its  best  in  the  inquiry,  and  that  the  extension  of  the  inquiry 
might  perfectly  reasonably  be  expected  to  be  made  by  those  who 
were  actively  concerned  with  manufacture,  who  had  all  the 
opportunities,  and  who  could  now  have  the  skilled  assistance  of 
scientific  men  to  carry  out  the  inquiry  in  their  own  works.  He  did  not 
think  it  was  a  wholesome  thing  to  suppose  that  all  Research  should  be 
conducted  in  laboratories  separate  from  works.     He  had  the  greatest 
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rt3«poot  for  tbo  work  done  by  inquirers  liko  ProfeMor  Arnold,  or 

Mr.  Stcftil,  iu  i»rivftte  lttlH»rut»»rieH,  Imt  he  lioivetl  to  seo  the  tiino  when 

tho  fxauiplo  of  Mr.  HadlieM  woulil  bo  niiifb  nioro  widely  followed  in 

tbis  oounlry,  tiud  wbou  in([uiricH,  botb  Kc-icntific  und  practical,  would 

be  carried  out  on  a  very  large  scale  iu  tbe  works  of  tbe  manufacturorH 

all  over  tbo  country.     Wbcu   tbat   came  to  bo  done,  as  bo  was  sure 

it   must   be  done — it  was   alreatly  being   done    clnewbere — tben  be 

renturod  to  say  tbat  tbe  metbods  of  invcBtigatiou    wbich  bad  been 

used  iu  tbe  loug  series  of  Reports  of  tbe  Alloys  Researcb  Committee 

would  be  found  of  great  value  in   guiding  tbe  iuquirers.     It  seemed 

to  bim  tbat  tbe  most  valuable  practical  suggestions  wbich  bad  come 

out  of  the  researches  were  the  following — to  mention  them  seemed 

now  almost  like  stating  truisms,  but  they  must  not  forget  that  when 

tbe  Kepcrt  began  they  were  not  accepted  as  truisms  : — (1)  traces  of 

elements  profoundly  affected  the  properties  of  masses  of  metals,  and 

of  steel  in    particular  ;  (2)  that  beat  treatment  greatly  affected  tho 

structure  at  critical  temperatures  ;  and  (3)  that  tbe  influence  of  such 

heat  treatment  might  very  well  be  expected  to  take  tbe  place  of  much 

mechanical   work.     Tbat   might   be   an   imperfect  summary  of  the 

situation,  but  he  thought  it  meant  a  great  deal.     He  knew  it  had 

been  tho  dream  of  many  steel  makers  in  this  country  for  years  tbat 

&  great  deal  of  mechanical  work  might  bo  dispensed  with,  chemical 

processes  and  heat  treatment  being  substituted.     It  was  getting  on 

for  twenty  years  since  one  English  steel-maker  bad  tbe  courage  to 

produce  a  cast-steel  armour-plate,  which  bad  no  work  done  upon  it, 

and  when  it  was  fired  at  the  result  was  not  bad,  although,  of  course, 

it  was  not  equal  to  results  obtained  by  other  processes.     It  was  also 

Nvell  known  tbat  tbe  same  firm  about   tbe   same  time  made  marine 

bbafts  on   wbich   there  was  no  mechanical    work,  and  made   them 

successfully.     What  was  thus  done  on  a  small  Fcale  bo  could  not  help 

thinking  would  be  done  eventually  on  a  much  larger  scale,  and  then, 

although    the   inquiries  which  bad   been  made   by  tbe   Committee 

might  not  be  perfect  or  complete,  and  although  tbe  interpretation  of 

the   facts   might  be   que6tione<l,  these    Reports  would  bo  found  of 

immense  value  as  works  of  referancc. 
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He  was  greatly  struck  by  a  remark  made  by  Mr.  Stead,  wlaich 
exactly  expressed  ouc  benefit  wLicli  had  resulted  from  tlie  work  of 
the  Research  Committee,  namely,  it  had  set  so  many  able  men 
thinking  and  experimenting  and  finding  their  own  way,  thus  adding 
to  the  common  stock  of  knowledge.  When  one  thought  of  the  work 
that  had  been  done  during  the  period  the  Research  had  been  in 
progress  by  Professor  Arnold,  by  Mr.  Stead,  by  Mr.  Hadfield,  and 
by  Mr.  Andrews,  the  benefit  which  had  accrued  was  self-evident. 
The  apparatus  had  been  immensely  improved.  The  earlier  Reports 
were  limited  to  pyrometric  observations,  which  were  very  imperfect. 
He  remembered  Professor  Arnold  insisting,  at  a  very  early  period , 
upon  photo-micrographs  being  brought  in  for  examination  of 
structure.  In  later  Reports,  mechanical  tests  went  on  side  by 
side  with  other  examinations  of  material  and  the  minute  study 
of  the  structural  steel.  "Work  done  under  the  direction  of  the 
Research  Committee  had  taken  a  leading  place  in  the  progress, 
improvement  and  perfection  of  knowledge,  influencing  and  stimulating 
work  done  in  other  countries.  That  indirect  result  appeared  to  hini 
to  be  of  immense  value  as  well  as  redounding  to  the  credit  of  the 
country. 

Last  of  all,  he  wished  to  say  that  he  hoped  and  believed,  although 
the  inquiry  under  the  immediate  direction  of  the  Committee  of  the 
Institution  might  be  said  now  to  have  approached  a  close,  yet  the 
work  would  go  on.  At  the  last  meeting  the  members  heard  Dr. 
Glazebrook  state  that  he  was  quite  willing  to  undertake  the  work, 
and  it  had  been  arranged  that  the  inquiry  should  proceed  at  the 
National  Physical  Laboratory,  for  which  purpose  the  Council  of  the 
Institution  had  approved  of  as  much  of  the  apparatus  as  could  be 
used  being  handed  over  to  the  National  Physical  Laboratory.  He 
trusted  that  the  work  would  go  on  in  connection  with  the  Institution, 
although  not  under  its  actual  direction,  and  that  at  subsequent 
meetings  further  reports  of  results  might  be  brought  forward,  when 
they  might  have  the  benefit  of  Professor  Arnold's  assistance  and  very 
hearty  and  thorough  criticism,  which  he  was  sure  they  all  valued. 
Professor  Arnold  had  the  courage  of  his  opinions,  and  the  members 
all  respected  him  for  that  fact,  and  he  trusted  that  Professor  Arnold's 
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work,  08  woll  OS  that  of  otIiurK,  would  ilrnl  a  i>ormancnt  record  iu  tho 
ProcooJiu^s  of  tlio  Iu8titutiou.  ('uj)taiii  Huukey,  of  Messrs.  Willans 
aud  Kobiusoii,  L(ul  beou  ^ood  uuougb  to  say  that  he  would  uudertake 
to  mako  impact  tests  on  the  samples  described  iu  the  last  Report,  aud 
those  roHiilts  would  bo  aildod  to  tho  rrocoediiigs  (paf^o  I'J'J).  •»<'  that 
one  iiuportaut  feature,  which  was  luekiug  in  tiiu  original  Kejxjrt, 
would  be  supplied  by  Captain  iSankey's  kindness. 

Mr.  J.  II.  Bklcheii  thought  that  the  impact  method  of  testing, 
which  had  been  referred  to  by  I'rofessor  Uuwin  and  Sir  William  White, 
gave  rise  to  rather  uncertain  results.  It  might  be  of  interest  to  the 
members  to  know  that  ho  had  certain  tests  made  by  a  gentleman, 
who  was  an  acknowledged  expert  in  the  method  in  question,  with 
the  following  results  : — 

(a)  Pieces  of  crank-shaft  steel  gave  the  comparative  number  2G 
and  37,  a  difference  of  nearly  oO  per  cent.,  whereas  identical  results 
Were  expected. 

(6)  Two  pieces  from  the  same  bar  which  had  been  case-hardened 
worked  out  as  l-l'S  and  19 '8  respectively. 

(f)  Three  tests  on  practically  tdtutical  specimens  gave  the 
numbers,  1,  0*4,  and  l'*J. 

((i)  Another  set  of  three  from  the  same  bar  gave  as  test  numbers, 
3-9,  8-G  and  6-7. 

The  method  of  impact  testing  where  notched-bars  were  used,  ns 
pointed  out  by  Professor  Unwin,  he  believed  was  only  in  its  infancy, 
and  hence  should  not  be  criticised  too  harshly  ;  all  the  same  it 
should  not  be  used  even  as  a  relative  method  of  determiuing  tho 
good  or  bad  qualities  of  steels,  etc.,  and,  in  his  opinion,  the  time  had 
not  arrived  when  it  could  be  de|>ended  on  for  commercial  purposes. 
Much  less  was  tliat  the  case  in  research  work,  where  scientific 
accuracy  was  the  chief  object. 

In  reference  to  the  quarrel  between  the  so-called  Allotropists  and 
Carbonists,  the  allotropic  theory  was  one  which  appealed  fully  to 
scientific  men,  aud  had  most  certainly  given  an  incentive  to  much 
valuable  research.  Although  he  was  not  an  Allotropist  himself,  he 
honestly   said    he    was    unable    to    follow    tlie    rationale    of    some 
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statements  made,  not  only  in  connection  witli  tlio  last  research,  but 
also  in  the  works  of  rueu  like  the  late  Sir  "William  Roberts- Austen, 
Mr.  Howe,  etc.  Ho  did  not  think  very  much  was  known  about 
a-,  /S-,  and  y-iron,  but  at  the  same  time  what  definite  knowledge 
was  there  of  atoms  and  molecules  which  were  the  foundations 
of  modern  chemistry.  He  maintained  however  that  Osmond's 
allotropic  theory  had  served  a  useful  purpose  by  encouraging 
original  research,  and  for  that  reason  he  trusted  that  the 
strictiu'cs  of  Professor  Arnold  would  not  be  looked  upon  as 
being  in  any  way  final.  Although  Professor  Arnold  was  quite 
prepared,  he  had  no  doubt,  to  hold  his  own  as  a  Carbonist,  there  was 
ample  evidence  that  the  gentlemen  on  the  other  side  were  also 
capable  of  dealing  some  heavy  and  sturdy  blows. 

He  would  like  to  mention  a  small  matter  of  practical  importance. 
In  the  polishing  of  steels,  mentioned  in  the  Report,  the  separation  of 
aluminium  oxide  had  been  referred  to  (page  19).  It  was  really  a 
cruelty  to  ask  any  busy  man  to  undertake  such  a  course  of  differential 
precipitation,  when  he  believed  equally  good  results  in  the  final  polish 
of  steels  could  be  obtained  by  the  aid  of  diamontine  used  on  a  piece 
of  ordinary  flat  polished  glass.  He  had  been  accustomed  to  finish  up 
his  sections  in  that  manner,  and  with  admirable  results.  The  details 
of  refined  polishing  he  had  learnt  from  watch-makers  (he  came  from 
a  watch-making  centre),  and  trusted  that  these  hints  might  be  of 
some  small  practical  value.  He  was  obliged  to  the  Institution  for 
giving  him  a  hearing,  and,  with  many  others,  owed  a  debt  of 
gratitude  to  the  Alloys  Ecsearch  Committee  for  their  valuable 
Eeports,  which,  speaking  for  himself,  had  encouraged  him  to  do  a 
little  private  research  in  this  fascinating  and  highly  important 
subject. 

Mr.  S.  N.  Beatshaw  said  that,  in  the  explanation  of  the  phenomena 
connected  with  the  hardening  of  steel,  ho  did  not  belong  to  any 
particular  school,  but  he  had  been  exceedingly  interested  in  the  work 
of  the  Committee.  This  Sixth  Report  was  full  of  interest  and  of 
direct  practical  importance.  Previous  Eeports  had  been  of  great 
value  to  him,  because  his  trade  involved  the  hardening  of  tool  steel. 
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^Ir.  Stead  ti]M)ku  about  the  tiharply  JufluoJ  lino  uu  tLo  diagram  at 
which  8tetl  hardened.  IIo  (Mr.  HruyHhaw ),  in  his  work,  u8<Hi 
resihtancu  jtyruiiieterti,  und  wa8  in  n  iniKition  tu  say  that  at  the 
hardening  point,  1  C.  luado  a  (>orce|>tiblo  diffurenco  in  tho  bardoned 
>t(  tl.  Kecent  work  hliowed  tliat  tho  hardening  hhould  bo  far  more 
aixurate  than  was  couhiderod  necctJKary  a  few  yean*  ago.  Five 
degrees  Centigrado  luado  the  difierouco  between  good  and  bad 
lianlening.  He  was  very  much  indebted  to  the  Institution  for  the 
«i.rk  it  was  carrying  on. 

Mr.  F.  W.  Harboud  wished  to  say,  in  regard  to  the  steels  upon 
which  experiments  were  made,  that  ho  had  heard  Mr.  Stead  was 
having  a  quantity  of  steel  made,  and  ho  then  asked  Mr.  Stead  if  he 
could  get  some  for  him.  That  was  before  any  question  of  supplying 
them  for  the  purposes  of  the  Itesearch  Committee  arose.  The 
steels  were  made  at  one  of  the  leading  works  in  Sheffield  ;  they  were 
commercial  steels  of  the  purest  quality  which  could  be  obtained. 
Some  months  afterwards,  when  Sir  William  Roberts-Austen  consulted 
him  about  the  research,  and  told  him  that  he  wanted  a  complete  set 
of  steels  at  once,  he  (Mr.  Ilurbord)  offered  those  he  had  ready,  in 
order  that  the  research  might  be  commenced  at  once.  He  might 
further  say  that  the  experiments  would  never  have  been  commenced 
on  tho  small  bars,  if  it  had  been  anticipated  that  they  would  have 
ended  with  the  small  bars.  The  original  intention  was  to  contirm 
the  preliminary  experiments  by  a  similar  series  on  large  bapb-.  If 
he  had  had  a  special  lot  of  steels  made,  he  was  afraid  Profe^sor 
Arnold  would  have  said  they  were  working  with  fancy  steels ;  they 
specially  selected  pure  commercial  steels,  the  purest  that  could  bo 
obtained.  As  he  had  said,  they  were  originally  obtained  for  another 
purpose,  but  he  thought  they  were  suitable  for  the  purpose  of  the 
exjHjriments. 

With  reference  to  tho  elongation  in  Table  1  (page  2-1),  referred 
to  by  Professor  Arnold  (page  113),  in  which  the  very  abnormal 
results  were  given,  his  own  suggestion  had  been  that  the  steels  should 
not  be  tested  as  rolled  at  all.  Ho  knew  that  small  bars  of  that  kind 
most  be  subjected  to  all  sorta  of  strain  and  stress,  and  ho  suggchtid 
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that  tljt-y  k1u)u1(1  Ihj  lifut*  il  just  below  llu:  jxiiiil  iit  uliicli  uny  curbou 
clmngo  would  taku  plucc,  namely,  ubout  C20  C.  (1,1  iB  F. )  to  rciuovo 
8trc88  tluo  to  rolliug  and  cooliug,  and  bo  eallud  normaliucd  bars.  TIjo 
resultii  in  Tablo  1  (pago24)  were  obtained  not  by  himself  at  C»K»j)fcrK 
Hill,  but  dsowhcre.  For  himself  he  should  have  compared  all  tho 
results  with  Table  2.  Origiually  it  was  arranged  to  confirm  th«* 
results  in  Table  2  by  another  set  of  tests,  but  owing  to  the  letter  being 
mislaid  after  Sir  William  Roberts-Austen  s  death,  it  was  not  d«-ne. 
^Yhen  he  saw  tho  Tablo  in  print,  he  managed  to  find  u  few  bars, 
some  of  which  were  sent  to  Professor  Unwin.  Tho  others  were 
tested  as  duplicates  at  Coopers  IIQl.  {Sec  Table  30,  page  138.) 
The  bars  were  j^-inch  instead  of  j;-inch,  and  were  thus  smaller  than 
those  originally  used,  but  Professor  Unwiu's  results  agreed  within 
very  reasonable  limits  with  those  in  the  Eeport  and  with  duplicate 
tests  at  Coojiers  Hill,  so  that,  making  all  allowances  for  the  error 
due  to  the  smallness  of  the  bar,  ho  thought  there  could  be  no  doubt 
that  the  results  of  elastic  limit  in  Table  2  were  practically  accurate. 


Discussion  on  Friday,  19th  February  1904. 

The  Pbksident  said  that  unfortunately  Professor  Gowland  was 
laid  up  with  influenza,  and  could  not  be  present  at  the  Meeting  ; 
but  he  had  been  kind  enough  to  prepare  very  carefully  his  reply  in 
writing  to  the  discussion  which  had  taken  place  at  the  two  previous 
meetings,  and  the  Secretary  would  read  it  after  any  further  remarks 
had  been  made. 

Mr.  William  H.  Meubktt  said  that  Professor  Lo  Chatelier  in 
his  most  interesting  remarks  (page  96)  referred  to  a  structure  which 
was  described  in  the  Eeport  (page  54)  as  martensite.  This  structure 
was  produced  by  heating  a  steel  containing  0*4  per  cent,  of  carbon 
to  720''  C.  (1,328"^  F.),  retaining  it  at  this  temperature  for  some  time, 
and  then  quenching  it  in  water.     On  reference  to  Figs.  139,  140, 
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and  141,  Plate  36,  it  would  be  seen  that  Figs.  139  and  140  were 
made  up  of  two  coustitucnts,  one  of  wLicli  Lad  been  actively  attacked 
by  the  etching  liquid,  while  the  other  had  been  hardly  attacked  at 
all.  Professor  Le  Chatelier  stated  that  the  temperature  of  quenching 
was  below  the  point  of  transformation,  and  consequently  martensite 
could  not  have  been  produced.  He  further  pointed  out,  as  evidence 
of  the  absence  of  martensite,  that  the  metal  remained  malleable  after 
quenching.  It  was  often  erroneously  supposed  that  martensite  and 
ferrite  could  not  exist  side  by  side  in  the  same  specimen.  On  reference 
to  the  equilibrium  curve  for  carbm-ised  iron  on  Plate  3,  it  would  bo 
seen  that  by  heating  the  0-4  per  cent,  carbon  steel  to  720°  C. 
(1,328°  F.)  at  first  the  pearlite  laminae  mutually  dissolved  in  one 
another  at  680°  C.  (1,256°  F.),  while  at  720°  C.  a  small  portion  of 
the  ferrite  also  went  into  solid  solution.  On  vigorously  quenching 
this  steel  at  the  latter  temperature,  one  would  expect,  from  the 
equilibrium  curve,  to  find  two  constituents,  and  Figs.  139  and  140 
showed  that  this  was  actually  the  case.  If  the  abstraction  of  heat 
had  been  sudden,  martensite  would  probably  be  present,  if  not  so 
sudden  then  sorbite  or  troosite  would  be  formed.  Martensite  was 
recognised  by  its  typical  structure  of  interlacing  acicular  crystal- 
lites, and  sorbite  was  revealed  under  the  microscope  as  a  more  or  less 
granular  structure.  The  steel  in  question  was  very  carefully 
attacked  by  liquorice  juice,  and  the  photo-micrograph  obtained  was 
reproduced  in  Fig.  141,  Plate  36.  It  would  be  seen  that  the  typical 
needle-like  structure  of  martensite  had  been  obtained  in  the  present 
case. 

Many  other  instances  of  the  occurrence  of  ferrite  and  martensite 
side  by  side  in  the  same  steel  had  been  revealed  under  the 
microscope,  notably  in  the  case  of  a  rail  which  fractured  with 
disastrous  results  at  St.  Neot's  on  the  Great  Northern  Kailway.  On 
Figs.  105,  106,  Plate  22,  Proceedings  1899  (page  77)  would  be  seen 
respectively  a  structure  of  the  St.  Neot's  rail  and  one  of  a  rail  which 
had  been  submitted  to  the  action  of  an  electric  arc.  In  the  former 
case  the  rail  has  been  locally  heated,  probably  by  the  "  skidding  "  of  a 
wheel ;  while  in  the  latter  instance  a  perfectly  sound  rail  was  also 
locally  heated,  by  allowing  the  flame  of  an  electric  arc  to  play  on  its 
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nirfiuM  for  somo  timo.  In  both  ca868  the  surfaccB  of  the  ntils  h*d 
boon  heatixl  couHideruhly  uhovu  their  A,  points,  und  tho  heat  hftd 
been  rapidly  oonductod  away  by  tho  inaiu  masa  of  tho  rail.  It 
would  b<.<  Been  that  those  ruil  structtircH  woro  Kiiuilar  to  thoKo  given 
in  FigK.  139  and  140.  A  careful  examinatiun  of  the  8t.  Noot'n 
and  tho  "  arced "  rails  under  the  higher  magnificatiouH  of  the 
microscope  had  in  Intth  oases  shown  the  presence  of  marteuBite, 
Plate  42. 

Objections  had  been  raised  to  Boinc  of  tho  conclusions  of  the 
Hcport  being  based  entirely  on  the  mechanical  tests  done  for  tho 
Committee,  namely,  the  breaking  strain,  the  elastic  limit,  elongation 
and  reduction  of  area.  It  had  been  suggested  that  other  test*", 
such  as  notched-bar  and  torsion  tests,  should  have  been  mode. 
These  tests  would,  doubtless,  have  been  very  useful,  but  it  was, 
unfortunately,  not  possible  to  carry  them  out.  Tho  notched-bar 
tests  certainly  would  have  been  done,  had  Sir  William  Roberts- 
Austen  lived.  The  conclusions  were  therefore  based  on  the  existing 
specifications  for  steel,  which,  in  no  case,  provided  for  these 
special  tests. 

Dr.  Carpenter  objected  (page  127)  to  the  statement  on  page  38 
of  the  Report  to  the  effect  that  when  the  three  high-carbon  steels 
(0-871,  0*947  and  1'30G  per  cent,  of  carbon  respectively)  were 
annealed  at  1,100  C.  (2,012  F.)  for  half-an-hour,  the  resulting  loss 
of  strength  was  duo  to  the  decomposition  of  the  iron  carbide  into 
amorphous  carbon  and  iron.  He  would  like  to  point  out  that  they 
had  repeatedly  found  free  carbon  in  high-carbon  steels  which  had 
been  annealed  a  little  over  1,000'  C.  (1,832'  F.).  The  fact  that  iron 
carbide  decomposed  at  about  1,000'  C.  into  iron  and  amorphous 
carbon  was  indeed  matle  use  of  in  the  ordinary  j>roduction  of 
malleable  iron  castings  by  cementation.  In  an  Api>endix  (page  203) 
to  this  Report,  by  Mr.  C.  O.  Bannister,  a  number  of  photo-mierograj)hs 
were  given  showing  tho  various  stages  of  tho  process.  Although  all 
thy  photo-micrograjihs  were  from  iron  containing  about  3*5  per  cent, 
of  tutal  carbon,  yet  the  amount  of  combined  carbon  varied  from 
this  amount  to  less  than  0*05  per  cent.,  according  to  tho  amount 
of  heat  treatment  the  metal  had  received. 
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Dr.  Carpontor  also  wished  to  know  wLotbor  tlioro  was  nuy 
imrticiilar  reason  for  omitting  the  hypothetical  lino  which  appeared 
ill  tho  Fifth  Iveport,*  indicating  that  when  cast-iron  was  cjuickly 
fooled  graphite  was  not  formed,  but  tho  result  was  white  iron.  It 
was  well  known  Ihat  it  was  almost  impossible  to  produce  a  white 
iron  by  quickly  cooling  a  metal  containing  more  than  4  per  cent, 
of  carbon.  The  lino  was  therefore  omitted,  as  it  was  thought 
improbable  that  it  indicated  tho  changes  which  actually  took  place 
wheu  a  high-carbon  cast-iron  was  cooled. 

Mr.  Belcher  (page  136)  advocated  the  use  of  crushed  bort  or 
iliamontino  for  polishing  steels.  From  his  own  experience,  however, 
the  speaker  found  that  these  substances  were  qxuto  uusuited  for  tho 
preparation  of  steel  specimens,  especially  when  it  was  necessary  to 
examine  them  under  the  higher  powers  of  the  microscope.  Mr. 
Belcher  thought  that  the  method  described  in  the  Report  for  preparing 
specimens  was  refined  cruelty  ;  it  would  however  be  found  that,  by 
jirranging  matters  systematically,  the  method  was  not  so  laborioiis  as 
it  appeared.  The  experimenters  had  used  diamontine  many  times  ; 
they  had  washed  it  as  thoroughly  as  possible,  but  in  no  case  could  a 
good  polishing  be  obtained  for  a  high-carbon  steel.  Diamontini; 
would  do  perfectly  well  for  brass,  but  for  steel  it  was  absolutely 
useless. 

Mr.  Brayshaw  stated  (page  137)  that,  from  practical  experience, 
he  found  that  1^  C.  made  quite  an  appreciable  difference  to  the 
<iuenching  of  a  steel,  and  that  a  vaiiation  of  3'^  C.  was  quite 
sufficient  to  absolutely  spoil  it.  Mr.  Brayshaw  did  not  state  the 
<lass  of  steel  to  which  he  referred.  It  was  imjirobable  that  such 
small  differences  would  alter  the  properties  of  an  ordinary  carbon- 
steel,  except  in  extreme  cases.  The  metal  referred  to  was  doubtless 
some  type  of  "  special  "  steel. 

Professor  Gowland  wished  first  to  thank  the  Members  of  the 
Institution  and  all  who  had  been  present  at  the  meetings  for  the 
verj'  favourable  reception  of  the  Sixth  Eeport  to  the  Alloys  Eesearch 

•  Proceedings  1899,  Plate  4. 
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CommitUHV      TUv  ]K>iuU  nhirli  lia<l  Im  «<ti  diall  w.i:  , 

woro,  for  thv  iui»»l  |»rt,  of  iitiuor  iiiijMtrUiUci',  «»r  i<  i..-     i    •    : 
worit  wkicli  haJ  Ik<u  d.  lu',  but  Ui  ilie   ground  which  hud  uut  botu 
ooTored. 

A*  rt«{;&rthi  thu  work  ilMlf,  hu  might  tty  tliat  it  u»„  u.  ..j 
iutcudod  bjr  the  Ute  Sir  Williaiu  liuU'rti»>Au«U:u  that  it  khouM 
be  in  Any  waj  eih«UiitiTc,  but  th«t  it  should  bo  merely  proparAtorjr 
iu  ui  extended  invi-stipitiun  on  the  Heat  Troatmout  uf  Steil,  to  b« 
carried  out  on  barn  uf  largf  commercial  Hcctiuns.  It  wiin  for  thi» 
itMMun  that  Buiall  bars  were  cboaen,  and  the  uxperimtntit  mude  with 
them  were  ouuductcd  tioKly  with  a  riew  to  the  determimitiun  of  thu 
lines  on  uhich  thu  iuvf«ti^tiou  on  largo  bam  oould  bu  bust  c-urricd 
out  and  uaolcS8  work  bu  avuido<l.  All  who  had  had  to  undertake 
reaearchea  on  bars  of  large  sections  muKt  know  well  how  important 
it  waa  that  time  and  mouev  ahould  nut  be  wa^tud  on  uaeh  s». 
<xi>vriiiieniB,  and  mut>t,  ho  thought,  admit  that  tho  coun>o  pursued 
waa  tho  right  onu.  Uufortuuatuly,  duath  rumoTod  tho  chief  worker 
before  this  preliminary  invc^htigation  waii  quite  completed,  and  the 
main  research  was  not  even  Ix  gum 

In  thia  preliminary  investigation,  however,  so  much  work  that 
waa  new,  so  much  that  waii  Kuggcstive,  waa  embodied  that  it  was 
deemed  alvisablc  that  it  should  not  bo  lost,  but  should  be  preaented 
to  the  members  as  the  Sixth  liej>ort,  so  that  other  workers  might  not 
repeat  the  cxperimeuta  which  led  to  negative  resolta,  but  might 
follow  up  further  those  which  seemed  to  lead  in  the  direction  uf 
iiaefulness.  That  the  Alloys  Research  Committee  were  right  in 
their  decision  would,  he  waii  sure,  be  admitted  by  all. 

M.  Le  Chatelier,  whose  name  was  so  familiar  to  all  ai«  u 
distinpiished  investigator  of  the  many  problems  which  surruuudc<l 
I  hi  ht.idy  of  the  physical  projjerties  of  irtin  uud  steel,  poiuti-d  out  the 
im|Kjrtance  of  supplemeutiug  Uiisilu  tests  by  impact  t(.«ts  on 
notch).  d-Lurs.  lie  believed  this  methcnl  uf  tusting  was  to  have 
Ir-iM  a'lLipte<d  by  Sir  William  when  dealing  witli  bars  of  largir 
•  (-ti>  uH,  and  that  tensile  tests  only  were  made  in  thia  preliminary' 
uvisti^'ation,  as  they  were  thutM  in  moat  common  use  in  indoatrial 
Works  and  specifications.     Captain  Sankey  had  very  kindly  offered 
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to  make  these  notched  tests  of  all  the  bars  dealt  with  in  the  Eeport, 
and  a  large  number  of  bars  had  been  sent  to  him  for  the  purpose ; 
but,  unfortunately,  some  had  not  yet  been  found.  There  were, 
however,  no  bars  which  had  not  boon  subjected  to  stress,  so  that  the 
results  would  not  bo  the  same  as  those  which  would  bo  obtained 
from  bars  which  had  not  been  strained. 

He  had  to  thank  Mr.  Harbord  for  the  evidence  he  had  adduced 
in  support  of  the  results  of  the  experimental  work  (page  138).  As 
regards  the  heating  at  900°  C.  (1,652'  F.)  and  1,000°  C.  and  the 
differences  showed  as  compared  with  Mr.  Campion's  work,  he  agreed 
with  Mr.  Harbord  they  were  probably  due  to  the  great  differences  in 
the  sections  operated  on.  He  thought  that  Mr.  Stromeyer's  objection 
to  the  want  of  torsion  tests  (page  102)  was  met  by  what  he  had 
already  said  about  tests  of  notched-bars. 

He  was  not  awai'e,  as  stated  by  Dr.  Eose  (page  104),  that  this 
Eeport  was  intended  to  contain  a  critical  and  complete  analysis  of 
the  equilibrium  curves  of  carburized  iron.  It  was  not  mentioned  in 
Sir  William's  introduction,  nor  in  his  scheme  of  the  work,  hence  it 
had  not  been  dealt  with.  He  agreed  with  Dr.  Eose  that  such  an 
analysis  was  very  much  needed,  as  several  of  the  experiments  in 
the  Eeport  would  seem  to  show  that  some  of  the  changes  in  the 
constitution  of  carburized  iron  did  not  completely  take  place,  exactly 
at  the  points  indicated  by  the  curves,  although  not  very  far  from 
them.  The  matter  known  was  a  very  lengthy  one,  and  would  form 
the  subject  of  a  Paper  by  itself. 

As  regards  the  hardening  of  steel  for  Mint  dies,  and  the 
statement  made  by  Sir  William  Eoberts-Ansten  that  8  per  cent, 
carbon-steel  could  not  be  effectively  hardened  in  water  by  quenching 
much  below  a  temperature  of  850°  C.  (1,562°  F.),  he  might  say  that 
Sir  William  would  not  have  said  so,  unless  he  had  very  good 
grounds  for  that  opinion,  so  far  as  the  steel  was  specified  and  the 
method  of  quenching  practice  were  concerned,  the  latter  l?eing  of 
paramount  importance.  So  far  as  his  own  experience  went  in  the 
preparation  of  Mint  dies,  it  was  impossible  to  determine  the 
hardness  of  a  steel  die  after  quenching ;  one  might  test  the 
hardness  of  the  exterior  of  the  die,  but  that  told  one  nothing  about 
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ihc    im<  ri«»r.     Oik-    might,    bowovor,    {^it    u    surface    of    iiiiixiin  im 
Imnlin-KK  by  ijucui-hiug  at  750    C.  (^l,3b'i    F.),    but   wlmt   ub«»iit    ;;:■ 
inU-riur  f     Thu  ouly  proof  ono  could  have  that  thu  tttcel   huil  bt-<  n 
hardiiu«l  suflificutly  for  tlio  tcm]»fr  required  was  in  thu  number  of 
coins  thu  diu  wouhl  strike,  before  sliowing  signs  of  cracking. 

At  the  Imperiul  JupuncBO  Mint  it  seemed  that  u  higher 
tem]>erature  was  needed  than  750^  C,  in  order  that  the  interior* 
whieh  was  neceKsarilv  ctnileHl  more  8h)wly  than  the  exterior, 
Khould  be  properly  hardened,  otherwise,  on  tenijiering,  the  middle 
jvortion  of  tlio  die  would  sink  during  work.  A  Mint  die  was, 
however,  not  very  suitable  for  exi»erinient8  on  hardening  and 
temjKring,  as  the  success  of  these  operations  could  only  be  measured 
in  its  case  by  the  number  of  coins  it  would  strike  before  cracking, 
and  this  was  largely  de]>endent  on  other  causes,  notably  on  tie 
character  of  the  punch  by  which  the  die  was  made.  As  long  a«  the 
surface  of  the  punch  was  nearly  a  true  plane,  the  dies  would  strike 
their  maximum  number  of  coins  ;  if  it  were  curved,  they  woald  then 
strike  a  less  number,  and  when  the  curvature  reacheil  a  certain 
amount  they  would  strike  practically  none,  but  would  develop  cracks 
at  once,  however  perfectly  they  might  have  been  hardened  and 
tempered. 

He  wished  to  thank  Mr.  Stead  (page  107)  for  the  infonautiou  he 
nad  kindly  given  respecting  the  steel  used  in  the  experiments,  and  of 
which  there  were  no  reconls  in  the  late  Sir  William's  papers.  He 
was  also  much  indebted  to  him  for  his  very  valuable  contribution 
to  the  discussion,  on  the  changes  that  occurred  in  heating  steels 
possessing  a  very  coarse  structure,  when  the  temperature  ranged 
from  a  low  to  a  high  degree.  He  was  sorry  that  the  paragraph 
in  which  Mr.  Stead's  name  was  mentioned  was  liable  to 
miiiinterpretatiun  ;  it  should  have  read  '•  reheating  low-carbon 
-teels,''  iniitfcud  of  "annealing  certain  classes  of  steel." 

The  first  jmrt  of  Professor  Arnold's  criticism  might  almost  l>o 
termed  a  complaint  (page  110).  It  had  no  relation  whatever  to 
the  lieport,  but  concerned  only  the  previous  lieportii  which  had 
been  issued  by  the  Alloys  Research  Committee.  These  had 
already  been  fully  discussed,  and    required    no   defence  from  him. 

M 
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As  regards  the  allotrojjic  theory,  with  which  Professor  Arnold 
was  not  in  agreement,  he  might  say  that  its  truth  had  never  been 
disin-oved,  and  that  although  there  were  several  distinguished  men 
who  had  not  adopted  it,  there  wero  also  many  others  equally 
distinguished,  some  who  formerly  were  opposed  to  it,  who  now 
gave  it  their  entire  support.  He  would  not  therefore  weary  them 
with  the  arguments  which  could  be  adduced  in  its  favour,  as  they 
had  already  l)een  set  forth  at  length  by  abler  hands  than  his. 

Professor  Arnold  then  dealt  with  the  Eeport  itself,  and  first 
pointed  out  that  the  steels  received  were  abnormal,  but  that  had 
already  been  demonstrated  in  the  remarks  on  Table  1  (page  24), 
and  the  bar  which  he  specially  referred  to  was  marked  abnormal  in 
that  Table.  Professor  Arnold  said  that  specially  prepared  pure 
steels  and  not  ordinary  commercial  steels  should  have  been  used 
for  the  ptu'poses  of  the  Report,  but  had  such  steels  been  used, 
he  felt  certain  that  he  would  have  been  the  first  to  have  raised 
objections  to  experiments  made  on  a  metal  which  was  not  a 
commercial  product.  As  Mr.  Stead  had  stated,  the  samples  of  steel 
were  manufactured  in  the  ordinary  way  by  a  firm  of  high  standing 
in  Sheffield,  and  the  whole  series  must  be  regarded  as  excellent,  so 
that  he  thought  it  was  clearly  evident  that  Sir  William  was  jierfectly 
justified  in  using  them  for  his  experiments.  As  regards  the  term 
"  maximum  stress,"  the  use  of  which  he  advocated,  that  had  been 
disposed  of  by  Professor  Unwin  (page  125).  He  was  gratified  to 
find  that  these  were  the  only  points  in  the  Report  to  which 
Professor  Arnold  took  objection. 

The  final  sweeping  statement,  which  however  on  reflection  he 
would  doubtless  have  qualified,  that  if  once  steel  became  brittle 
mechanically  it  was  only  fit  for  the  scrap-heap,  was  most  surprising, 
and  was  disproved  daily  in  the  rolling-mills  of  tin-plate  and  other 
works. 

Referring  to  Mr.  JIadfield's  remarks  (page  122),  the  steel  bar 
tested  at  — 180'  C.  (  —  356^  F.)  and  found  to  possess  such  extraordinary 
physical  properties  might,  he  thought,  be  regarded  as  another 
allotropic  form  of  iron  and  tended  to  suppose  the  allotropism  of  iron 
rather  than  to  contradict  it.     As  regards  the  0*18  per  cent,  carbon 
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Mtdel  iu  TaUo  2  (page 'JG)  the  meiliaiiicul  it-^ts  hii>l  bucu  rupi«loiI 
i>y  rri)ft'Hii(»r  I'uwiu,  ami  hv  had  foun<l  thu  hreukiiig  htraiu  tt>  Imj 
33*21  tons  per  Mjuare  inch,  aud  the  ulaiitio  limit  to  bo  2G'G'i  tonit 
|R'r  8«iuuro  iiirh,  which  uructlciilly  oouQrmod  the  rusultd  giveu  iu 
the  liO|»urt. 

Thi'U,  as  to  tlio  fetateiueut  (page  47):  "It  is  well  kuowu  that 
ioiperfoct  quenching  sotn  up  iutoruul  8traiu8  in  gtcels  which  are  not 
entiroly  eliminat<.sl  by  Hubsecjuont  annealing,  «)\ving  to  the  variation 
iu  the  density  of  the  metal  throughout  the  mass,"  ho  might  a<ld  that  iu 
a  mass  of  steel  of  comparatively  small  size — fur  example,  a  coinage 
die  for  dollars — no  system  of  quenching,  eren  in  water,  would  make 
it  of  uniform  hardness.  This  was  proved  by  the  fact  that  such 
dies  when  tempered  always  sank  in  the  middle  after  a  certaiu  amouut 
of  work.  In  larger  masses,  as  axles  or  gun  tubes,  this  imperfect 
hardening  must  bo  much  more  pronounced.  The  quenching  of  the 
outer  layers  of  the  muss  was  more  rapid  thuu  that  of  the  interior, 
and  in  consoquenco  of  that  there  must  be  differences  of  density  in 
different  parts,  aud  hence  internal  strain.  And  these  strains 
were  not  altogether  eliuiinatetl  by  the  subsequent  tempering, 
ileuce  the  importance,  as  far  as  has  been  ])ointed  out  in  the 
Keport,  of  endeavouring  to  obtain  in  a  steel  by  annealing  the 
properties  possessed  by  one  which  had  been  quenched  in  oil  aud 
tempered. 

Dr.  Carpenter  bad  asked  (page  129),  in  reference  to  the  Fifth 
Report,  presented  in  1899,  whether  cooling  curves  were  taken  of  the 
steels  in  one  of  the  eiperimcuts.  In  reply,  he  might  say  that  botli 
ordinary  and  differential  cooling  curves  were  taken,  but  only  the 
latter  were  published.  The  point  Ar  0  was  discovered,  and  that 
would  probably  indicate  a  structural  change  in  the  ferrito  which 
would  doubtless  result  in  a  moditicatiou  uf  the  mechanical 
properties  of  steels  cooled  from  COO'  C.  (1,112^  F.).  The  other 
points  in  Dr.  Carpenter's  remarks  have  already  been  dealt  with  by 
Mr.  Merrett  (page  Ul). 

no  entirely  agreed  with  all  that  was  said  by  Sir  William  White 

page  129 ),  and  desired  especially  to  8upj>ort  his  suggestive  remarks 

as  reganls  work  on   larger  eectious,  that   there   could   be   no  doubt 

M    2 
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aboiit  tlieir  great  value,  or  that  tliey  coukl  be  best  carried  out  by 
maniifixcturers  in  their  own  works  under  tlie  direction  of  their 
scientific  statif. 

In  conclusion,  he  wished  again  to  thank  the  members  and  others 
who  had  attended  the  meetings  for  the  very  favourable  reception 
they  had  accorded  to  the  Eeport. 

The  Pkesident  said  he  was  sure  the  members  would  consider 
Professor  Gowland's  very  able  and  dignified  reply  was  a  worthy 
ending  to  the  extremely  interesting  Eeport  and  the  discussion  that 
had  followed.  The  present  was  the  third  evening  to  which  the 
discussion  had  extended,  and  he  had  pleasure  in  informing  the 
members  that  the  Council  had  decided  to  follow  the  researches  still 
further.  Words  were  used  in  the  reply  which  showed  that  Professor 
Gowland  himself  thought  they  were  only  on  the  fringe  of  the 
subject,  but  now  they  had  got  very  near  home  with  the  pure  iron  and 
industrial  mild  steel.  The  Council  had  re-appointed  the  Alloys 
Eesearch  Committee  to  carry  on  their  work  with  the  co-operation  of 
the  National  Physical  Laboratory.  He  had  no  doubt  that  the 
National  Physical  Laboratory  would  receive  help,  as  had  been 
mentioned,  from  others  ;  but  Dr.  Glazebrook  would  undertake  the 
responsibility  of  carrying  out  the  directions  of  the  Committee  in 
regard  to  further  researches,  and  a  vote  had  been  made  by  the 
Council  towards  the  expenses  that  would  be  incurred  at  the  National 
Physical  Laboratory  in  prosecuting  the  researches.  He  wished  tO' 
say  that  members  of  the  Institution  who  had  encountered  in  their 
practice  difficulties  due  to  the  occasionally  unexpected  behaviour  of 
industrial  steel,  and  who  would  be  kind  enough  to  communicate  to 
the  Secretary  the  direction  in  which  they  thought  it  would  be 
useful  to  carry  out  the  researches,  would  have  their  communications 
welcomed  and  passed  on  to  the  Committee,  who  would  be 
pleased  to  receive  such  suggestions.  The  vote  of  thanks  to 
all  concerned  in  the  production  of  the  notable  Eeport  which 
had  been  discussed  was  passed  two  meetings  ago,  and  therefore 
no  further  time  need  be  taken  up  in  repeating  expressions  of 
thanks;    but  he  was   sure  every  member  felt   what  a  magnificent 
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work  hail  bctii  doiw  by  the  lustitutiun  iu  BtinjuktinK  reaeArch. 
Professor  AruoKl  hml  writtcu  u  very  corJiul  letter  to  Sir  William 
White  exprosuiug  his  dosiro  tu  oo-opomte,  if  he  might  bo  iHjrmittca 
to  do  so,  iu  auy  further  invostigatious. 


Commumcation$. 

Mr.  Thomas  Andukws  wrote  that  he  was  glad  to  observe  that 
Mr.  HadfieU  had  referred  iu  the  discussion  to  the  effect  of  extreme 
cold  on  the  physical  properties  of  practically  pure  iron,  when  under 
tensile  stress.  It  might  perhaps  be  of  service  and  interest  in  this 
connection  to  refer  to  an  extensive  scries  of  experiments  which  the 
writer  had  made  about  twenty  years  ago  on  the  effect  of  high  and 
low  temperatures  on  the  Impact  Resistance  of  Iron  Railway 
Axles.  In  these  experiments  which  were  made  on  full-bized 
railway  axles,  it  was  found  that  a  reduction  of  temperature 
materially  reduced  the  resistance  to  imi)act,  which  confirmed  the 
results  of  the  experiments  now  made  by  Professor  Dewar  and 
Mr.  Hadfield.  He  also  made  experiments  on  the  effects  of  Chilling 
on  the  Impact  Resistance  of  Iron  Axles,  with  interesting  results. 
These  researches*  were  at  the  time  awarded  a  Telford  Premium  by 
the  Institution  of  Civil  Engineers.  Reference  might  also  be  made 
to  the  Paper  on  "  Effect  of  Strain  on  Railway  Axles,"  t  which  was 
awarded  the  Bessemer  Premium  of  the  Society  of  Engineers.  The 
extent  of  these  hirge  scale  experiments  wuuld  be  realized  when  ho 
stated  that  above  300  full-sized  railway-carriage  axles  were  tested 
to  destruction,  and  that  above  300  tons  of  snow  were  used  for  the 


•  "The  Effect  of  Temperature  on  the  Btrength  of  Railway  Axle*," 
ProcetdingB  lust..  C.E.,  vol.  87,  page  :I40:  vol.  94.  page  180;  vol.  10o.|»ge  161. 
-•'Effect  of  ChUling  on  the  Imi«ct  B(»i*taiioe  of  Melalu,"  ProceediDgd 
loBt.  C.E.,  voL  lo:i,  page  L';;i. 

t  Transactiont,  Society  of  En^jineer*,  1895,  page  181. 
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freezing  mixture  rccpiircil  iluring  the  four  winters  in  wliicli  the 
investigiitioii  wfts  in  progress.  The  results  of  Professor  Dewar's. 
and  Mr.  Hadfield's  experiments  and  those  of  his  own  referred  to 
above  were  opposed  to  the  theories  of  the  allotropists. 

He  was  glad  that  Professor  Arnold  in  his  remarks  again  brought 
forward  the  failure  of  the  theory  of  Atomic  Laws  as  applied  to  Iron, 
which  he  (Professor  Arnold)  had  demonstrated  at  the  Institution  of 
Civil  Engineers  in  ISO!.  He  might  also  remark  that  he  himself 
had  made  a  confirmatory  series  of  experiments  on  the  "  Influence  of 
Alloys  on  the  Structure  of  Gold."  *  The  results  he  obtained  fully 
confirmed  those  previously  published  by  Professor  Arnold,  which 
were  opposed  to  the  theories  of  the  allotropists.  The  valuable, 
researches  made  at  the  Sheffield  University  College  on  the  influence 
of  vanadium  on  iron  and  also  the  experiments  on  pure  electrolytic 
iron  were  certainly  not  in  favour  of  the  allotropic* theory. 

With  regard  to  the  heat  treatment  of  steel,  he!imight  refer  to  the 
results  of  a  joint  research  by  himself  and  his  son,  Mr.  Charles  Reginald 
Andrews,  on  the  "  Microscopic  Efi'ect  of  Annealing  on  Slcel  Rails," 
wliich  had  occujiied  them  for  several  years  in  carrying  out.  This 
Paper  was  published  in  the  Proceedings  of  the  Institution  of  Civil 
Engineers."!"  Tlie  changes  produced  in  the  micro-crystalline  structure 
of  steel  rails  by  annealing  were  very  considerable.  He  had  also 
demonstrated  the  important  microscopical  changes  of  crystalline 
structure  produced  by  heat  treatment  in  the  experiments  he  had  made 
in  annealing  the  fractured  connecting-rod  of  H.M.S.  "  Bullfinch,"  in 
course  of  the  investigation  and  report  Avhicli  he  Avas  requested  to  make 
about  four  years  ago  into  the  causes  of  that  serious  naval  accident. 
The  results  of  the  above  researches  were  illustrated  by  high-power 
micrographs,  which  showed  the  very  important  changes  produced  by 
annealing  steel  at  suitable  temperatures.  He  had  also  diu'ing  the: 
past  twenty  years  made  numerous  other  investigations  on  the 
thermal  treatment  of  metals,  and  as  a  result  he  was  satisfied  that 


*  "Microscopic  Structure  of  Gold  and  GoldtAUoye,"  Engimerimg,  10  Sep., 
28  Oct.,  9  Dec.  1898. 

t  Proceedings,  Icstilution  of  Civil  Krgir.cere,  vcJ.  civi.,  ][!C.3-4,  Pait  II. 
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iiiiirt'  ntU-ntiuii  uuN  r('(|niMi<  t'>  tiuK  iinjHiitaut  isiilijeet  tkan  \mii>  Ht 
pn-M-ut  {^ivt'U  U>  it.  Tlu'  iilfKirviitiouK  on  tli«'  hlij»  ImuuIm  hIiowu  iu 
Fig.  162,  PUto  39,  (lid  nut  appcnr  to  Im*  ui;w,  an  tutiiw  time  agu 
PrufrHKitr  Ew'ing  and  Mr.  ItoHcnhuiri  dt  luoUKtruUHl  thut  thu  Hlip 
Iwuidii  priHluo<Ml  by  Btrt'Bii  rt<ndiTi'd  munifciit  the  guucrul  oricutatiuu 
uf  the  individual  crystal  grains  uf  a  niutul.*  This  effect  wa«  aliio 
iiotioed  in  tbu  ca«o  of  gtroased  platinum  iu  a  Paper  on  ^  The 
Hicro6(\ipic  EflictH  of  Strt'ss  on  I'latinuni,"  f  l»y  hinitifdf  and  his 
son.  WhilHt  greatly  vuluiug  much  of  the  careful  work  done  by  the 
Alloys  Research  Committee,  he  was  afraid  that  Kome  of  it  had  l*een 
Kumewhat  dej)ri>ciated  by  the  uppureut  attempt  to  make  tmuw  factt*  fit 
in  with  the  allotropic  theory  of  steel.  This  was  a  regrettable  jmrt 
of  tliese  most  valuable  researches.  He  dt-oply  deplored  the  Iokh 
which  the  metallurgical  world  hail  sufl'ered  through  the  recent 
death  of  Sir  William  Roberts-Austeu. 

Professor  W.  F.  Baurktt  wrote  thut  there  was  so  much  new  and 
instructive  information  in  the  foregoing  Reixirt,  and  the  amount  of 
Work  done  had  Ijeen  so  great,  that  he  heartily  congrutulated  the 
Alloys  Research  Committee  and  thost^*  upon  whom  the  labour  of  the 
«'ij)erimeutal  work  had  fallen,  for  this  imi>ortant  addition  to  one's 
knowledge.  The  great  jiractical  iniix)rtauce  of  a  careful  study  of 
the  heat  treatment  of  steel  had  become  more  and  more  evident  since 
the  discovery  of  recalescence  in  1873.  It  was  in  September  of  that 
year  that  he  (Professor  Barrett)  first  publibhe^l  this  discovery,  and 
in  a  Paper  in  the  Philosophical  Magazine  for  December  1873,  be 
stated  that  the  profound  molecular  changes  taking  place  in  iron  at 
a  red  heat  required  careful  study,  as  they  were  likely  to  be  of 
considerable  importance.  In  that  Paper  the  opinion  of  the  late 
Professor  Tait  (who  had  discovered  the  remarkable  thermo-electric 
changes  occurring  in  iron  and  steel  at  a  red  heat,)  was  quotod,  viz  : 
"  that  iron  becomes  as  it  were  a  different  metal  on  being  raised 
above  a  certain  temperature."     That  some  allotropic  modification  of 


*  Rojal    Soeietj.    PhilcMophieal    Traiuaetlaiu,    18i>0.   vol    19n.  aeries  A. 
pAg«3&3. 

t  Royal  Soeiety,  Proeeeding*,  lfHt2,  vol.  70.  page  25<i. 
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iron  took  place  at  the  critical  temperature  of  recalescence  seemed 

therefore  very  probable,  but  the  idea  was,  he  thought,  first  suggested 

by  Professor  George   Forbes,  F.E.S.,  soon  after   the   discovery  of 

recalescence. 

Whilst,  therefore,  there  was  much  to  be  said  on  behalf  of 
M.  Osmond's  theory — adopted  by  the  late  Sir  William  Koberts- Austen, 
that  these  assumed  allotropic  changes  played  an  important  part 
in  the  hardening  of  steel  by  quenching  at  a  red  heat — he  could 
not  agree  with  the  sweejiing  statement  made  at  the  beginning  of  this 
Eeport.     The  author  stated  (page  9)  "  that  allotropic  changes  in  the 

iron  itself  are  the  all-important  factors in  the  characteristic 

cai)acity  of  steel  for  being  hardened  and  tempered.  If  iron  had 
existed  only  in  the  a  form,  it  could  never  have  been  hardened  by 
quenching  ;  on  the  other  hand,  if  /5  and  y  iron  were  alone  known, 
steel  could  never  have  been  tempered  or  annealed."  He  did  not 
know  where  the  experimental  evidence  was  to  be  found  in  support  of 
this  statement.  On  the  contrary  there  was  a  good  deal  of  evidence 
which  showed  that  other  causes  must  be  considered.  In  fact,  the 
original  views  of  the  allotropist  as  to  the  cause  of  hardening  had 
changed,  for  they  now  said  (page  8)  that  it  was  not  ft  iron  alone 
which  caused  the  hardening,  but  that  this  was  due  to  a  joint  effect 
of  a  system  of  two  components,  iron  and  carbon,  in  a  particular 
allotropic  condition. 

The  distinguished  physicist,  Professor  Van't  Hoff,  was  quoted  as  an 
authoritative  supporter  of  Sir  William  Roberts- Austen's  views,  but 
what  Professor  Van't  Hoff  said,  in  the  quotation  cited  in  the  Eeport, 
was  that  iron  in  a  particular  condition,  [i  iron,  was  capable  of 
retaining  "  variable  quantities  of  carbon  in  the  form  of  a  homo- 
geneous solid  solution  known  as  martensite,  while  this  property 
is  not  possessed  by  the  a  modification  of  iron."  This  statement, 
however,  was  by  no  means  the  ft  iron  theory  of  hardening,  so  long 
advocated  by  Sir  William  Roberts-Austen.  According  to  that 
theory  as  originally  stated,  iron  when  raised  to  a  certain  temperature, 
about  850"  C.  (1,562^  F.),  indicated  by  the  recalescent  point  Ar^, 
passed  from  its  ordinary  soft  condition,  termed  for  distinction  a 
iron,  into  an  allotropic  form,  which  Osmond  named  ft  iron.     The 
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iMiiiviiiiiul  nuil«-<-uIcM  (if  lliis  ji  iron  with  ju»Krrt«cl  to  U-  iiit<  i:h'  ly 
lianl,  un>l  ri'taiucHi  their  aduinuutinf  8tut<<  wlun  KuJdinly  qutinli<  .1. 
jtrovidetl  carbon  or  some  eluiuont  of  low  atoraiu  voluiuu  wan  prvt^ent 
in  tho  irun.  Thu  liardnoKN  uf  t(K)l  Htec>I  was  Uium  uttributcnl  solely  U> 
thin  fi  iri>u ;  tho  curboii  luirtly  acting  as  a  sort  of  i>olicu  cuuMtabK , 
|in'Vtnting  thu  fi  intn  reverting  to  its  original  soft  u  condition. 
When  einded  slowly  thu  luob  of  (3  irt»n  piirticlcs  was  supposed  to 
slip  from  the  grasp  of  the  conipunitively  few  carbon  a^»ms  und 
hence  reverted  to  tlie  a  condition,  tho  anueuled  or  soft  btuto  of  steel 
being  the  result.  Further,  tho  uou-magnetic  state  of  rod-hot  iron 
was  supposed  to  be  duo  to  the  trausfornuitiou  of  a  iron  intj  ft  iron. 
Cut  the  tempenituiv  at  which  iron  lost  its  magnetic  state  was  at  thu 
iceulescent  point  Ar.,,  from  750  to  800'  C.  (1,382  F.  to  1,472  F.), 
und  if  /3  iron  were  uou-maguetie  the  change  to  hardening  iron  should 
t>ecur  here.  Furthermore,  red-hot  iron  or  steel  suddenly  quenched 
should  be  non-magnetic,  but  this  was  not  the  case,  it  was  magnetic. 
M.  Osmond  had  replied  to  this  that  all  tho  particles  of  iron  did  not  go 
into  the  /3  state  at  a  red  heat,  and  it  was  to  tho  presence  of  seme  u  iron 
particles  among  them  that  the  return  to  the  magnetic  condition  was 
due.  This  however  was  only  conjecture.  Other  even  more  cogent 
objections  ta  the  allotropic  theory  of  tlie  hardening  of  steel  Lave 
l>een  urged  by  Mr.  Dudfield  and  by  Professor  Arnold  and  others. 

Quite  recently  a  paj»er  had  been  i)ublished  by  M.  Carl  Benedicks 
.'U  the  Electric  Eesistanco  of  Steel  and  Iron,  which  threw  some 
additional  light  on  this  subject.*  From  tho  experiments  of 
Mannesmann,  and  the  data  arrived  at  by  Benedicks,  a  curve  could 
Jk.'  constructed  showing  the  solubility  of  carbon  in  iron.  This  t-urtr 
was  nproduccd.  Fig.  1G8  (page  154  ). 

The  flexure  in  this  curve  at  al>out  750'  to  800"  C.  (1,382' to 
1.472  F.)  allowed  that  here  the  solubility  of  carbon  in  iron  suddenly 
increased,  and  a  corresponding  thermal  change,  or  recalescent  ix)iut, 
followed  from  well  known  j)hysical  j)rinciples.  Now,  he  (juito 
agreed  with  M.  Benedicks  that  this  curvo  bellied  them  to  form  some 
idea  cf  the  cause  of  hardening  of  steel.     If,  for  example,  they  had 

*  ZeitMhrin  fur  Phyclk  Clitsime,  1902,  vol.  x1. 
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a  steel  with  1  per  ccut.  of  carbon,  on  slowly  cooling  to  tlie  air 
temperature  from  a  rctl  heat  (say  800  C  )  sucL  steel  would  contain 
0'27  per  cent,  of  carbon  in  the  form  of  a  solid  solution.  This  was 
the  percentage  of  ItardeniiKj  carhoii  which  existed  in  annealed,  or 
unbardened,  iron  or  steel,  and  this  figure  was  singularly  confirmed 
by  tlie  data  which  M.  Benedicks  derived  from  his  experiments 
on  the  electric  resistance  of  steel.  If  on  the  other  hand  the  steel 
were  raised  to  say  800^  C.  (1,472"  F.),  and  tlicn  suddenly  quenched, 


Fig.  1G8. 
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it  would  retain  in  the  state  of  a  solid  solution  the  amount  of  carbon 
it  was  able  to  dissolve  at  800'  C,  which  was  upwards  of  0  •  5  per  cent., 
and  the  steel  would  be  hardened.  So  that  the  hardness  would  seem 
to  be  due  to  the  remarkable  influence  on  the  physical  properties 
of  iron  exerted  by  even  a  small  percentage  of  carbon  in  solid  solution 
rather  than  to  some  hypothetical  allotropic  state  of  iron,  with 
intensely  hard  molecules. 

This  view  was  supported  by  the  electric  resistivity  of  steel  at 
difi"erent  temperatures.  M.  Benedicks  had  shown,  and  his  (Professor 
Barrett's)  own  experiments  which  M.  Benedicks  quoted,  corroborated 
the  fact  that  the  resistivity  of  steel  increased  with  its  hardness.  If 
therefore   the   particles   of  ft  and  y  iron   were    intensely   hard,  as 
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OKKuined  by  the  allotruitic  theory,  our  on^lit  n  Asoimlily  to  exjxct  hu.-U 
iron  to  liikTc  ti  inuclt  hi^luT  rcHistivity  tbuii  tlic  onliiiury  ur  u  iron, 
but  M.  Bcucdicktf  found  that  this  aMumod  /i  and  y  iron  ]>oHi>c-hv.d 
exactly  the  suuie  rt'sistivity  as  the  ordinary  a  iron. 

He  (IVofessor  Barrett  J  did  not  deny  the  uxiBt<.'nco  of  ullutropio 
forms  of  iron ;  their  existence  might  possibly  be  the  cause  uf  the 
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nou-magnetic  state  of  red-hot  iron  and  of  the  thermo-electric  and 
other  physical  changes  that  occurred  at  certain  critical  temperatu«« 
iu  iron  and  steel.  Ou  the  other  hand,  however,  if  the  non- 
ujagnetic  state  of  iron  at  800  C.  (1,472  Y.)  were  due  to  a  sadden 
allotropic  change,  one  ought  to  expect  the  magnetic  permeability  of 
iron  to  remain  constant,  or  fall  off  slightly,  until  this  temperature 
were  reached,  when  a  sudden  change  in  its  condition  would  occur. 
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But  experiment  sliowcd  that  the  magnetic  permeability  of  iron 
actually  roi>e  as  the  temperature  was  raised,  until  it  readied  a 
maximum  not  far  from  tlie  temperature  of  its  non-magnetic  state. 
With  very  low  magnetising  forces  this  increment  was  very  conspicuous, 
as  shown  in  Fig.  169  (page  155),  the  result  of  experiments  by  a  former 
student  of  the  writer's,  Mr.  E.  L.  Wills,  B.A.*  This  was  not  the 
place  to  enter  into  the  changes  which  in  his  opinion  brought  about 
this  result ;  he  proposed  to  discuss  them  elsewhere.  In  any  case  they 
had  no  dii-ect  evidence  that  iron  behaved  like  carbon,  and  could 
exist  in  the  pure  state  either  as  a  soft  element  or  as  an  intensely 
hard  one. 

There  was  one  curious  fact  which  had  not  been  considered  by  the 
allotropists.  Long  ago  he  (Professor  Barrett)  pointed  out  that  the 
molecular  changes  which  occurred  in  nearly  pure  iron  could  be  as  it 
were  "  washed  out  "  by  repeated  heating  and  cooling.  M.  Svedelius 
in  an  important  Paper,  the  translation  of  which  appeared  in  the 
"Philosophical  Magazine"  for  August  1898,  had  verified  this 
statement,  and  showed  that  in  a  rod  of  iron  containing  0*6  per 
cent,  carbon  after  being  heated  and  cooled  forty  times,  the 
magnitude  of  these  molecular  changes  was  reduced  nearly  one- 
third  ;  whilst  in  a  rod  of  electrolytic  iron  the  changes — small  to 
begin  with — had  entirely  disappeared  after  the  fiftieth  heating  and 
cooling  :  no  trace  of  a  critical  point  could  then  be  discovered.  The 
condition  of  the  iron  after  this  treatment  showed  it  to  be  brittle, 
with  coarse  crystalline  glossy  fracture,  and  exhibited  all  the 
characteristics  of  burnt  iron.  Neither  could  any  critical  points 
be  found  in  any  specimen  of  burnt  iron  examined  by  M.  Svedelius. 
This  Paper,  which  did  not  appear  to  have  been  referred  to  by  the 
Alloys  Kesearch  Committee,  was  worthy  of  careful  study,  for  it  was 
in  the  experimental  examination  of  the  various  physical  changes 
which  occurred  in  iron  at  the  critical  temj)eratures  that  they  would 
ultimately  arrive  at  a  satisfactory  knowledge  of  the  allotrojnc  states 
of  iron,  if  such  really  existed. 

'■'  "On  the  Effects  of  Temperature  on  the  Magnetic  Properties  of  Iron,"  byE. 
T>.  "SVill8.     "  Philosophic  Magazine,"  July  1900. 
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II WM  poMublo  that  some  lif^Iit  uii^ht  Ikj  tLrown  un  thi^  i{iii.htii>n 
by  means  of  *  seriM  of  ru(liogra])hK  tukcn  uf  u  very  thin  hhcct,  or 
film,  of  pure  iron  aud  of  Btool  raised  to  diflereut  temperatures  up  tu 
1,000  C.  (1,832  F.).  lu  a  Taper  read  before  the  Koyal  Dublin 
Society  iu  March  189C,  the  writer  Hhowod  that  the  ojiacity  uf  bodies 
to  the  X-ruys  was  duo  to  their  molecular  iri-ijhl,  the  liigher  tLo 
molecular  weight  the  greater  the  opacity.  But  as  ullutrupic  HtateK 
were  changes  iu  molecular  aggregation,  they  might  therefore  ex]>cct 
to  find  changes  iu  the  trauspareucy  of  iron  to  the  Ki>utgeu  radiation 
when  the  iron  reached  certain  critical  temperatures.  lie  had  lately 
reccivotl  from  Mr,  lladfield  some  very  thiu  laminoo  of  steel  witli 
which  ho  proposed  to  try  this  experiment,  though  even  if  changes  in 
transparency  were  noticed  during  the  heating  and  cooling  of  iron, 
the  interpretation  of  the  results  would  re<{uire  caution. 

Professor  E.  Heyx,  of  Cbarlotteuburg,  wrote  that  he  was  very 
sorry  that  be  could  not  be  present  at  the  meeting,  as  the  introductory 
pages  of  the  Iteport  were  the  last  scientific  communications  left  U) 
the  world  by  Sir  ^Villianl  Iloberts-Austen,  to  whom  science  was 
indebted  for  a  great  deal  of  development  and  whoso  death  was  felt 
as  a  heavy  loss  by  all  who  kuew  his  merits. 

As  to  the  subject  of  the  Report,  he  wished  to  know  how  many 
mechanical  tests  were  made  fur  eoch  kiud  uf  steel  and  each  kind  of 
heat  treatment.  The  Report  did  not  give  information  on  this  point, 
though  it  was  one  of  the  greatest  importance,  since  results  obtainetl 
by  testing  only  a  single  bar  could  easily  be  affected  by  misleading 
hazards,  and  the  laws  derived  therefrom  would  prove  fallacious, 
especially  in  the  case  of  hardened  steels.  He  had  shown  in  a 
Paper*  that  half-hourly  heating  of  mild  steel  at  temperatures  below 
700°  C.  (lii'.'2  F.)  affected  mechanical  properties  and  size  of  ferrite- 
grains  only,  if  the  steel  before  being  tested  was  cold- worked,  but  not  if 
it  had  previously  been  annealed.     The  changes  in  the  ferrite,  which 


*  Zeitaehrift  des  Vereines  dentaebe  Ingcnieure,  1900.  voL  44,  page  433. 
"  Thu  chan^'es  in  Iron  and  Copper  in  oonacquence  of  cold-working,  and 
Bubaequcnt  heating." 
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were  brought  about  by  heating  steel,  could  not  only  be  explained  by 
"  slip-bands,"  but  a  real  growth  of  fcrritc  grains  took  place. 

Touching  on  the  subject  of  the  effect  of  heating  steel  poor  in 
carbon,  especially  when  soaked  at  different  temperatures,  he  had 
pointed  out  in  the  Journal  of  the  Iron  and  Steel  Institute  in  the 
Paper  on  "  The  Overheating  of  Mild  Steel,"*  that  tensile  tests  did 
not  give  satisfactory  information  as  to  the  influence  of  overheating. 
He  had  investigated  the  problem  by  the  use  of  bending  tests  on 
notched-bars.  The  results  gained  by  this  method  very  clearly 
showed  the  laws  governing  brittleness  under  varying  conditions  of 
temperature  and  time  of  heating. 

Professor  A.  Ledebur,  of  Freiberg,  Saxony,  wrote  that  he  had 
read  the  Sixth  Report  with  great  interest,  and  he  looked  upon  it  as  a 
worthy  conclusion  to  the  admirable  work  of  Sir  William  Eoberts- 
Austen.  While  he  himself  did  not  agree  with  M.  Osmond's 
alio  tropic  theory  of  iron,  originally  doubting  it,  similar  results  of 
the  work  also  of  other  investigators,  among  whom  Sir  William 
Roberts-Austen  stood  in  the  front  rank,  had  convinced  him  of  the 
accuracy  of  the  theory  that  this  allotropy  played  a  part  in  the 
hardening  of  steel,  if  we  were  not  able  to  support  it  solely  on  the 
results  obtained  from  the  hardening.  The  change  of  the  condition 
of  the  hardening  carbon  and  of  the  iron  went  exactly  together.  Iron 
and  carbon  retained  with  hardening  the  same  form  that  they  possessed 
in  red-hot  steel,  namely  hardening  carbon  and  ^  iron. 

Some  of  the  results  seemed  somewhat  remarkable.  On  Fig.  8, 
Plate  4,  the  breaking  strain  at  0*95  per  cent,  and  1*3  per  cent, 
carbon  was  lower  than  at  0  •  87  per  cent,  carbon.  The  same  occurred 
on  Fig.  11,  Plate  5  ;  Fig.  15,  Plate  7 ;  Fig.  16,  Plate  8 ;  Fig.  22, 
Plate  12  ;  Figs.  26-27,  Plate  16.  The  elastic  limit  lay  particularly 
low  at  0-47  per  cent,  carbon  on  Fig.  15,  Plate  7;  at  0*95  per  cent, 
carbon  on  Fig.  16,  Plate  8  ;  and  at  0*25  per  cent,  carbon  on  Fig.  17  ; 
at  0*72  per  cent,  on  Fig.  24,  Plate  14;  and  at  0*95  per  cent,  ou 
Figs.  26  and  27,  Plate  16.     The  amounts  of  elongation  and  reduction 

*  Journal,  Iron  and  Steel  Institute,  1902,  II,  page  73. 
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«»f  arvA  wiTo  ttlsi*  iu  muny  places  Tory  remarkable  compared  with 
thcMM)  ]>rfviuiu>ly  ubtuiue«l,  in  cuiitradictiuu  uf  known  TariutiuDH.  IIu 
thought  that  some  explanation  shoulJ  be  given  a«  to  whether  any 
aocident8  had  taken  plaeo. 

Mr.  Cecil  LiOBTrooT  wrote  that  he  had  recently  been  giving 
some  attention  to  the  thermal  treatment  uf  Ktcel.  His  invcHtigatious 
BO  far  had  been  merely  uf  a  preliminary  nature,  but  at  the  same 
time  the  following  ascertained  facts  W(juld  bear  out  the  Buggcstion 
on  page  27  of  the  Beport  that  "annealing  of  worked  bars  at 
tempLTtttures  immediately  below  A,  may  have  some  commercial 
significance."  He  might  state  that  it  was  the  changes  taking  place 
between  this  temperature  and  the  normal  with  which  he  had  been 
principally  concerned.  The  exact  treatment  from  which  these 
results  were  obtained  consisted  in  subjecting  the  specimens  treated 
not  only  to  a  temperature  below  Aj,  but  also  simultaneously,  and 
during  the  heating  and  subsequent  cooling,  to  a  uniformly  increasing 
and  decreasing  fluid-pressure  respectively.  This  pressure  was 
produced  by  the  use  uf  mercury  vapour,  which  was  chemicallv 
inert  towards  iron  and  steel  under  the  conditions  of  the  treatment. 

It  would  be  seen  that  various  classes  and  forms  of  steel  were 
dealt  with. 

It  was  found  that ; — 

(I.)  Tool-steel  containing  0*55  per  cent,  of  carbon,  oil-hardened 
and  annealed  in  the  ordinary  manner  and  tested  in  tension,  possessed 
an  elastic  limit  of  31*9  tons  per  square  inch,  the  ultimate  strest^ 
being  51 -7  tons  per  square  inch.  On  treating  similar  steel  in  thi 
manner  described  the  elastic  limit  was  increased  to  34-8  tons  ptr 
square  inch,  and  the  ultimate  stress  to  54 '1  tous  j»er  square  inch. 
These  tests  were  carried  out  by  Mr.  William  Kirkaldy. 

(2.)  Die-forged  steel  hooks,  Vulcan  brand,  weight  4J  lbs.,  as 
supplied  commercially,  yielded  at  a  load  of  about  8,700  lbs.  total, 
and  gave  out  entirely  on  the  load  lH.'ing  increased  to  about  20,000  lbs. 
When,  however,  similar  hooks  were  treated  as  described,  they  did  not 
yield  till  the  load  amounted  to  13,200  lbs.,  the  ultimate  load  bein'» 
23,900  lbs.     These  tests  were  also  made  by  Mr.  William  Kirkuldv. 
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(3.)  A  sample  of  ordinary  steel-wire  12  B.W.G.  wlicn  tested 
showed  an  clastic  limit  of  72*4:  tons  per  sc[uare  inch,  and  a. 
breaking  stress  of  90 '07  tons  per  sqnaro  inch.  When  treated  in 
the  aforesaid  manner  the  elastic  limit  was  increased  to  80  *  87  tons 
and  the  breaking  stress  to  94*01  tons  per  square  inch.  These 
tests  were  carried  ont  by  Professor  D.  S.  Capper  and  Mr.  Henry 
Waynforth  at  King's  College. 

In  view  of  the  great  amount  of  time  required,  and  the  very 
numeroiis  experiments  necessary,  ho  had  not  been  able  up  to  the 
present  to  classify  systematically  the  results  obtained  by  this 
process,  but  ho  merely  wished  to  place  before  the  members  a  few 
isolated  facts  selected  from  a  number  of  other  results  of  a  similar 
nature.  It  was  with  great  interest  that  he  had  seen  that  these 
figures  were,  to  a  certain  extent,  confirmed  by  the  results  obtained 
by  the  late  Sir  William  Eoberts-Austen,  as  his  own  figures  were 
obtained  entirely  Avith  a  view  to  determining  the  commercial 
possibilities  of  such  a  process. 

Captain  H.  Eiall  Sankey  wrote  with  reference  to  the  closing 
remarks  of  Sir  William  White  (page  135)  that  notched  impact  tests 
had  been  made  from  98  test  pieces  sent  to  him  by  Professor  Gowland 
for  the  purpose ;  the  apparatus,  Fig.  170,  Plate  43,  with  v/hich  these 
tests  had  been  made  had  been  fully  described  in  "  Engineering."  * 
The  test  pieces  were  small,  and  doubt  might  arise  as  to  the 
reliability  of  such  tests,  but  very  numerous  comparative  trials  with 
test  pieces  cut  out  of  the  same  bar  of  steel  had  shown  consistent 
results,  and  it  was  felt  that  reliance  might  be  placed  on  the  results 
of  these  tests.  It  was  to  be  regretted  that  all  the  tensile  test  pieces 
referred  to  in  the  Report  had  not  been  available,  because  no  doubt 
interesting  results  would  have  been  obtained  from  those  belonging 
to  Tables  17  and  18  (pages  6G  and  G9).  Probably  the  resistance 
to  impact  of  some  of  these  would  have  been  the  highest  of  any. 

In  the  following  Tables  were  given  the  results  of  the  impact 
tests,  and  the  Tables  were  numbered  to  correspond  with  those  in 
the  Eeport. 


*  "  Engineering,"  25  September  1903,  page  431. 
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TABLE  1(1  {corre$jKmding  to  Tahlf  Itpagf  24  . 
{From  the  liolU.) 


C«rbun.  Impact  F"ot-lbH  ,^     ,  ..        ,^      . 

Percent  lV»l\o.  «b«urUNl  DcrripUon  of  Fracture. 

by  Impact. 


0130 

— 

— 

0-180 

5:is4 

12-3 

0-254 

:.3si 

0-s 

0-468 

:.385 

0-5 

0-722 

5:183 

2-8 

0-871 

5382 

0-9 

0-947 

5380 

OS 

l-SttG 

5379 

1-3 

Very  fine  granulur. 
Very  fine  granular. 
5(1      jier     cent,     very     fino 

crystalline. 
Fine  erybtalline 
Vi-ry  fine  frranular. 
Very  fine  i;niuulnr  fracture, 
t  rvBtalline  fracture. 


TABLE  5a  {correspouding  to  Table  ^^pxge  31). 
Bars  annealed  at  900'  C.  (1,652'  F.)for  Halfan-lwur. 


Carbon. 
I'er  cent. 

Impact 
Test  Xo. 

Foot-lbs. 

absorbed 

by  Impact. 

Di-scriptiou  of  FniL-ture. 

0-130 
0-180 

0-254 
0-4i» 
0-722 

0-871 

0-947 
1-300 

5393 
5391 

53K8 
5392 

:.39'» 

5:587 
5394 

15-7 

0-8 

0-7 
2-6 
0-9 

11 

0-3 

0-4 

1 

Ver\-  tou;;li,  not  fully  fractured. 
Moderately      coar»c.        Small  | 

shiny  patches. 
|M(Klerately      ooarse.        SniaU 
'i       ■    ■  ■   -    •  >    , 

^                                -e. 

1  M    . ^nc     fracture. 

\     Dull. 

Close  cryetalline.     With  tiiiny  \ 
patches. 

Fine  crystalline 

\\t\  fine  granular. 

1G2 
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TABLE  6a  {corresponding  to  Table  G,  page  37). 
Bars  annealed  at  1,100^  C.  (2,012^  F.)for  Half-an-liour. 


Carbon. 
Per  ceut. 

Impact 
Test  No. 

Foot-lba. 

absorbed  by 

Inipaet. 

1 
Dcbcriptiou  of  Fracture. 

0-130 
0-lSO 
0-254 

0-468 

0-722 

0-S71 

0-947 
1-306 

5395 
5400 
5396 

5402 

5398 

5397 

5399 
5401 

0-8 
0-2 
0-6 

0-9 

l-0(?) 

1-9 

0-3 
0-3 

ploderately    coarse.      Small 
\     bright  patches. 

Fine  crystalline. 
(Moderately   coarae.      Bright 
\     shiny  fracture. 
JMedium      coarse.        Bright 
\     shiny  fracture. 

Coarsely  crystalline, 
j Coarsely  crystalline. 
\     Metallic  fracture. 

Very  fine  crystalline. 

Medium  coarse.     Dull. 

TABLE  la  {corresponding  to  Table  7,  page  39). 
Bars  soalced  at  620°  C.  (1,148^  F.)  for  Twelve  Hours. 


Carbon. 
Per  cent. 

Impact 

Test  No. 

Foot-lbs. 

absorbed  by 

Impact. 

Description  of  Fracture. 

0-130 
0-180 

0-254 

0-468 
0-722 
0-871 
0-947 

1-306 

5407 
5403 

54C9 

5406 
5404 
5405 
5408 

5410 

1-0 
0-4 

0-5 

7-2 
2-1 
0-9 
1-1 

0-8 

|Coarse.      Bright   crystalline 
\     fracture. 

(jModerately   coarse   fracture. 
\     Small  bright  patches. 
(Moderately   coarse   fracture. 
\     Bright  shiny  patches. 

"Very  line  granular. 

Very  fine  crystalline. 

Fine  crystalline. 

Very  fine  granular. 
fFine       granular       fracture. 
{     Irregular. 
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TABLE  8a  {corre$pondin<j  to  Table  %,  patje  i\). 
Bars  Soaled  at  720''  C.  (1,328'  F.)  for  Ticche  Ifuurg. 


OarboB. 
PorooDt. 


ISO 

ISO 

254 
468 
722 
871 
y47 


Imijuct 
Tott  No. 


5415 

5412 

r>418 
5413 
:>411 
5117 
:.41(> 
5414 


KuOt-llM 

aUiorbed  by 
lioi>act 


11 

o:> 

0-4 
10 
0-8 
0  4 
0-3 
0  4 


DuacriitUuu  uf  Knciarc'. 


Very  cottrnfly  i-rvbtalliDo. 
I  M(xieraU-ly    courao.      timall 
(     nhiny  luitchoH. 

Fine  orvftfrtlliuu. 

Fill'  "iiie. 

CI  ue. 

yi'  iirse. 

V"  :  lulur. 

l-'iL'-  -.   ---..-iif. 


TABLE  9a  (corresponding  to  Table  9,  page  44). 
Bars  Soaked  at  900'  C.  (1,G52'  F.)  for  Twelve  Hours. 


OarixKU 
Per  ceut. 


Impact 

Test  No. 


Foot-lba. 

ub«orlx-<l  by 

Impact. 


Deaoription  uf  Fractun-. 


0130 

_ 

0180 

542;; 

0-5 

HoJentbly  ooane. 

o-2:»4 

5420 

0-7 

Do            do. 

0-468 

:avj 

1- 

■  tallic. 

0-722 

5424 

1-1 

ue. 

0-871 

5421 

1-5 

t 

0-947 

5422 

0-4 

Fi: 

l-3<.»t) 

54-25 

0-3 

jAOu«.iui«.  4  ji    V  ','*\i  17^.. 

H  a 
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TABLE  10a  (corresponding  to  Table  10,par/e  49). 
Bars  soaUd  at  1,200°  C.  (2,192°  F.)  for  Twelve  Hours. 


Carbon.                Impact 
Fer  cent.               Test  No. 

Foot-lbs. 

absorbed 

by  Impact. 

Description  of  Fracture. 

0-180 
0-254 
0-947 
1-306 
1-306? 

(?) 

(?) 

5428 
5433 
5427 
5430 
5430 
5431 
5432 

0-5 
0-5 
0-9 
0-8 
2-0 
0-9 
1-6 

Bright  crystalline  fracture. 
Crystalline  fracture. 
Bright  crystalline  fracture. 
Bright  crystalline  fracture. 
Large  light  crystals. 
Bright  crystalline  fracture. 
Bright  crystalline  fracture. 

TABLE  12a  {corresponding  to  Table  12,  page  55). 
Bars  quenched  at  800°  C.  (1,472°  F.)  in  Water  at  20°  C.  (68°  F.). 


Carbon. 
Per  cent. 

1 

Impact 
Test  No. 

Foot-lbs. 

absorbed 

by  Impact. 

Description  of  Fracture. 

0-130 

5439 

3-9 

Coarse  crystalline. 

0-180 

5436 

5-0 

Granular. 

0-254 

5435 

2-1 

Very  fine  crystalline. 

0-468 

5437 

6-7 

Granular. 

0-722 

5438 

3-2 

Granular  fracture. 

0-871 

5440 

2-1 

Granular  fracture. 

0-947 

5441 

1-0 

Very  fine  granular. 

1-306 

5442 

0-9 

Very  fine  granular. 

Fkh.  1'.»u4. 
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TABLE  13u  (correspotulini/  to  Tabic  13,  page  57). 
Bars  quenched  at  900°  C.  (1.652°  F.)  in  Water  at  20    C.  (68'  F.). 


( 

lercnt.               l«.l  No.              injpaet 

1 

Deicriptiuu  of  Fractun-. 

i          0130                       —                        — 
0180                     5445                     5-5 
0-254                      5443                      28 
0-408                      5444                      30 

;          0-722                       —                        — 
0-871                       —                        — 
0-i)47                     5448                     liO 
1-300                       —                        — 

i 

Fine  crvbtalline. 
\ory  line  ervBtallini'. 
Fiue  crjbtalliue  gruuulnr. 

Ciranular. 

TABLE  15a  (corresponding  tcilh  Table  15,  page  63). 
Bars  quenched  at  720^  C.  (1,328'  F.)  in  Oil  at  80'  C.  (176'  F.). 


j         Carbon. 
Per  cent. 

Impact 
Test  No. 

Foot-lbs. 

ubeorbotl  by 

Iiiiptict. 

I  »e8cription  of  Fracture. 

0130 

1           0180 

0-254 
0-468 
0-722 
0-871 
0-1*47 

1-300 

5452 

5450 

5454 
5458 
5451 
5457 
5453 

5155 

10-3 

20 
5-5 
2-4 
2-2 
l-tl 

0-7 

Did  not  macLine  aji  to  aiie. 
50  |H.-r  cent,  orystitlliiie  and 

50  per  cvut.  granular. 
Fiue  crvbtalliue. 
Fine  granular. 
Fine  crvntjUHnfi. 

r 

\                                 r. 

pi..,       f. UneTen 

(     fnicture. 
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TABLE  IGn  (con-espoitdiug  to  Tnhle  16,  page  65). 

Bars  qiietiched  at  720'  C.  (1,328°  F.)  in  Oil  at  80"  C.  (176^^  F.), 
ami  snhscqueutlif  reheated  to  350°  C.  (662°  F.). 


Carbon. 
Per  cvnt. 

i 

Inipnct 
IVst  Xo. 

Foot-lbs. 

absoilH'd  by 

i  mmet. 

Description  of  Fracture. 

0 

130 

r)459 

6-3 

Close  crystalline. 

0 

180 

5465 

7-8 

Close  crystalline. 

0 

2:.4 

.-.4(;2 

1-7 

Very  fine  crystalline. 

0 

4GS 

54  CO 

G-.") 

Granular. 

0 

T21 

54G1 

1-5 

^loderatcly  granular. 

0 

871 

5463 

14 

Civstillitie. 

0 

947 

54G4 

2-7 

Fine  crystalline. 

i-30(; 

54G7 

0-9 

Aery  fine  granular. 

TABLE  10a  (corresponding  to  Tahle  1^,  pngc  70.) 

Bars  quenched  at  800'  C.  (1,472"  F.)  in  Oil  at  80"  C.  (17 Cr  F.), 
and  subsequently  reheated  to  600°  C.  (1,112  F.). 


Carl  on. 
Per  cent. 

Impact 
Test  No. 

Foot-lbs. 

absorbed  by 

Impact. 

Description  of  Fracture. 

0-130 

5473 

18-4 

fVery      toujrb,      not      fully 
\     fractured. 

0-180 

5472 

OG 

]Mcdium  crystalline 

0-251 

— 

— 

0-4G8 

.'■.471 

G-8 

rjranuliir. 

0-722 

5470 

2  0 

^'ery  fino  crystalline. 

0-871 

5474 

1-2 

Jlcflium  eryhtaliine. 

0-947 

54<;8 

1-7 

Granular. 

1  -.^oc 

5409 

10 

j  Very  fiiK'  granular. 
(     Sligbtly  lustrous. 
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i.  JU/  «l  900   r.  (1,652    F.)  im  Oil  at  KO   C.  (17«"  F-X 

diMi  MJiM<9«Mf/y  rtkmUd  Ut  600'  C.  (1,113*  F.), 


I'll  rtUt.  lr«l    \u 


O'lso 

MUri 

10-8 

OIM> 

0  :i5i 

5I7G 
MK3 

1*9 

4  0 

0-4<» 

M81 

.13 

0  :« 

0t»7l 

M78 

1-5 

1-3 

01M7 

M7l« 

10 

1*306 

1 

5477 

0-8 

UcMriptlnn  oT  Fr»rtarr 


(Yrry     inotrii.     Ji"t      fu.l> 
f._  ....  . 

Ki  u«.  lOppreeat 


F 


IM». 


Tha  impAct  mathod  of  testing  wm  still  in  its  iufkucj,  and 
required  stAuJarJiciug  before  rosnlta  could  be  qaoted  in  a  defiuit« 
form;  it  wm  therefore  umIom  to  do  more  than  broadlj  sketch 
conclueiuns  which  appeared  deriyable  fruoi  the  results  giren  in 
the  furtguing  Tables.  lu  tbt<  first  place  no  d«liuite  rt-lation  appeari-d 
to  exist  between  the  impact  figure  and  the  other  mechanical  tt-ot^ 
(breaking  straaa,  elastic  limit,  elungatiuu  and  rt  '     *  f  area)  or 

ereu  a  oombinatiou  of  these  figures.     This  wa«  1   iu   Fig. 

171  (page  168),  in  which  all  the  tests  giren  in  the  lieport  and  the 
imj  '    the  OICS  jx^r  ctut.  carbon  steel  were   plotted. 

It  V tr  seen  tiiat  the  heat  treatment  ha<l  a  greater  effect 

on  the  impact  figure  than  un  the  other  mechanical  teats,  and  this  was 
an  important  point,  because  the  impact  test  wuuld  thus  proride  a 
simple  worki$hop  test  fur  verifjiug  whether  a  sftecified  heat 
traatmetit  had  U.«u  carried  out  or  not.  As  a  cunfirmation  of  this 
natter,  the  following  test  was  quotc>d  which  had  been  made  with 
mild  slaal  eniuble  for  studs,  Table  31  (page  16*J). 


168 

(dipt.  H.  Riall  Sankey.) 
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Fig.  171. 

'Comparison  of  tlie  Onh'iKtnj  Mechanical  Tests  given  in  12  Tables  of  (he  Heport 

Kith  the  Impact  Figures  for  0*168  per  cent.  Carbon. 
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(Capt.  H.  Riall  Sankey.) 

The  photographs  of  the  test  pieces,  Fig.  172,  Plate  43,  bore  out 
the  figures  given  in  Table  JU  (page  1G9),  which  showed  a  great 
improvement  in  the  impact  figure  due  to  annealing,  and  comparatively 
small  differences  in  the  other  tests. 

As  might  be  expected,  the  high-carbon  steels  showed  but  little 
resistance  to  impact;  the  very  low-carbon  steel  (0-13  per  cent, 
carbon)  had,  however,  in  general  considerable  resistance  to  impact 
{sec  Tables  19rt  and  20a  for  instance).  Neither  of  these  classes  of 
steel  was  used  in  machinery  for  the  parts  in  motion,  and  it  was  for 
steels  used  in  such  parts  that  impact  tests  were  of  real  value.  The 
interest  in  impact  tests  really  therefore  applied  to  steels  containing 
from  0'2  to  0*5  per  cent,  of  carbon,  and  it  was  important  to  notice  in 
this  connection,  as  would  be  seen  by  referring  to  Fig.  173  (page  171) 
and  Fig.  174  (page  172),  that  in  every  case  the  0*254  per  cent,  carbon 
steel  gave  a  low  impact  figure,  whereas  the  0'468  per  cent,  carbon 
steel  gave  a  good  figure  except  where  the  steel  had  probably  been 
structurally  ruined  by  the  heat  treatment,  as  for  instance  in  the  case  of 
Tables  8  and  9.  A  glance  through  the  various  Tables  in  the  Report 
would  show  that  steel  of  this  carbon-content  gave  on  the  whole 
excellent  tests  for  the  requirements  of  Mechanical  Engineering.  This 
at  present  was  not  the  usually  accej)ted  view,  although  undoubtedly 
of  late  there  had  been  a  tendency  to  use  steels  for  mechanical  purposes 
of  a  higher  carbon-content  than  previously.  He  (Captain  Sankey) 
thought  an  important  point  was  thus  raised,  and  he  would  suggest 
that  a  study,  from  this  point  of  view,  of  steels  containing  from  say 
0*2  to  0-5  per  cent,  of  carbon  might  be  undertaken  by  the  National 
Physical  Laboratory  with  great  benefit  to  the  profession. 

The  notched  impact  tests  had  a  value  beyond  the  mere  figure 
given  as  the  resistance  to  impact.  The  nature  of  the  fracture  varied 
enormously,  and  it  only  required  greater  experience  and  a  codification 
of  the  fractures  to  make  the  appearance  of  this  fracture  a  good  guide 
as  to  the  quality  of  steel,  in  a  manner  somewhat  similar  to  the  use 
of  micrograph  sections ;  in  fact,  on  comparing  the  impact  fracture 
with  the  micrograph  sections  published  in  the  Eeport,  a  relation 
appeared  to  exist  between  the  two.  The  number  of  comparisons, 
however,  was  insufficient  to  do  more  than  suggest  the  desirability 
of  continuing  research  in  this  matter. 
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¥m    i.i. 

OnmpaH^tm  nf  Lttpaet  Figurt»/ur  Various  Slttlt 

{TMm  I  to  7.) 


0-I50       oiao       02S4.      cv«6a       otzz       oerrt       09a7       k306 

CARBON  PER  CENT 

(NOT  TO  SCALt) 

Tl.e  figure  agaiobt  each  dot  u  the  number  of  the  oorroipoodiBg  T»bl«. 
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Fig.  17i. 

Comparison  of  Impact  Figures  for  Various  Steels. 

(Tables  S  to  20.) 
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ProfDMk^r  fiowi.AKn  wmto  that  the  contriliutiunK  t-.  tho  tlii»euRbi.-'i 
MS  oomniuuicut4Ml  l»y  writing  rt'iiuiriHl  but  fow  roitmrkri.  rruff«o^..r 
M  Heyn,  of  Charlottoiiliiirg,  wJHhutl  to  know  (|«ge  157)  how  luauy 
inocliAuical  twitii  wrro  mtulo  for  each  kind  uf  Ht^^ol  aiul  each  kind  '■( 
hottt  triutmont.  lu  mauj  cbscs  ouly  ouo  bar  wuh  Hubmitted  tu  each 
trentmout,  but  in  iustaucos  where  the  reeultn  ubtuiued  were  obrioiitd y 
:  uoorroct,  other  bars  were  treated  in  a  similar  manner  and  again 
tiMtnl.  As  liad  already  been  i>ointotl  out  in  this  Report,  these  te«tK 
Weft'  Kinijdy  preliiaiuary  ones,  uiid  were  iutuuded  to  act  merely  a* 
a  guide  in  conducting  the  more  extended  experiments  on  larger 
ktrs  which  Sir  William  Roberts- A ust<.'U  intended  to  make  later.  As 
the  Work  of  the  Alloys  Research  Committee  hud  now  been  undertaken 
by  the  National  Physical  Laboratory,  these  researches  would  doubtless 
be  continuetl  at  that  Institution. 

Professor  Le«lebur  (page  158)  called  attention  to  several  result -^ 
in  the  n>eehauic*l  tests  which  were  somewhat  remarkable  ;  they  weri- 
uevertheless  the  results  which  were  obtained,  and  in  some  of  the 
more  im]>ortaut  cases  the  tests  were  repeated  and  the  numbers 
confirmed. 

As  regards  those  of  Fig.  8,  Plate  -i,  it  was  shown  in  the  RejKirt 
that  the  bars  were  abnormal  in  character;  explanations  were  als4^> 
iiveu  under  the  various  Tables  of  most  of  the  results  to  which  he 
;oferred.  It  must  be  remembered  too  that  steels  of  the  purity  and 
low  manganese  content  as  these  bars  had  been  the  subject  of  but 
few  ex|»erimeuts,  so  that  there  was  no  extended  series  of  results  with 
which  to  compare  them  in  order  to  determine  always  which  wert 
abnormal,  and  of  course  comparison  with  steels  of  different 
composition  was  inadmissible. 

The  tests  so  kindly  undertaken  by  Captain  Saukey  of  the  bars 
which  were  available  undoubtedly  threw  considerable  light  on  the 
;>ower  a  specimen  of  steel  had  of  resisting  shock. 

The  specifications  of  gun,  axle,  and  other  steels  in  vogue  at  the 
present  day  had  so  far  not  included  this  method  of  ter^tiug.  Iteference 
to  Table  9  (page  44)  of  the  Report  and  to  Table  9<i  (page  163)  in 
Captain  Sankey's  remarks  clearly  showeil  that,although  the  bars  soaktxl 
at  'JOU   C.  (1,C52    F.)  for  12  hours  gave  highly  satisfactory  results  as 
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(Professor  Gowland.) 

regards  breaking  strain,  elastic  limit,  reduction  of  area,  and 
elongation,  yet  under  the  "  sliock  "  test  it  was  found  tliat  such  bars 
would  be  totally  unsuited  for  purposes  which  the  above  properties 
should  indicate,  according  to  present  specifications.  The  impact 
tests  performed  by  Captain  Sankey  were  doubtless  of  the  greatest 
possible  importance,  and  it  was  to  be  hoped  that  this  method  might 
be  standardized,  so  that  it  might  be  brought  into  general  use. 

It  had  further  been  shown  by  Captain  Sankey  that  the  fractures 
obtained  by  this  test  were  invariably  in  close  agreement  with  the 
micro-structures,  so  that  by  experience  it  would  not  only  be  possible 
to  learn  much  respecting  the  power  a  steel  has  of  withstanding 
"shock,"  but  also  its  previous  thermal  treatment  and  carbon 
contents. 

For  many  years  a  crude  form  of  impact  testing  by  means  of  a 
falling  weight  has  been  in  vogue  for  rails,  axles,  and  occasionally  for 
structural  steels,  but  for  this  purpose  a  considerable  quantity  of  the 
metal  was  required  in  order  to  carry  out  the  test. 

From  the  figures  indicated  in  Captain  Sankey's  remarks,  it 
would  appear  that  tests  on  such  a  large  scale  were  unnecessary, 
and  that  more  useful  information  could  be  obtained  from  a 
number  of  small  pieces  taken  from  different  parts  of  a  mass  of 
metal  than  from  a  single  large  piece.  A  series  of  impact  tests  on 
various  classes  of  steel,  which  had  been  submitted  to  different  forms  of 
thermal  treatment,  would  be  invaluable  to  engineers,  and  he  strongly 
endorsed  the  view  of  Captain  Sankey  that  a  careful  study  should  be 
made  of  steels  containing  from  0*2  to  0  •  5  per  cent,  of  carbon.  He 
also  hoped  that  these  researches  might  be  undertaken  by  the  National 
Physical  Laboratory. 
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ALLOYS   RESEARCH   COMMITTEE. 

THE  CONSTITUTION  OF   METALLIC   ALLOYS.* 
(ALLOYS   CONSIDERED  AS   SOLUTIONS.) 


By  the  late  Sib  WILLIAM  C.  KOBEUTS-AISTKX, 

K.C.B..  D.C.L.,  D.Sc.,  F.R.S.,  Hunurary  Member  ; 

ANO  Dr.  ALFllED   STAXSFIELI*. 


Introduction. — "When  the  stady  of  chemistry  began  to  make  rapid 
progress,  in  consequence  of  the  discovery  by  John  Dalton  in  18<>3 
of  the  laws  of  combining  proportions  and  his  enunciation  in  1806  of 
the  atomic  theory,  the  attention  of  chemLits  was  specially  directeii  to 
the  investigation  of  the  nature  and  properties  of  such  bodies  as  salts, 
in  which  the  connection  with  the  atomic  theory  was  most  clearly 
evident. 

As  the  metallic  allojs  lie  on  the  borderland  between  the  provinces 
of  the  chemist  and  of  the  physicist,  they  were  not  unnaturally  much 


•  Bc-ing  a  reprint,  Bomewhat  BunuuariiM.tl,  of  their  Bi-i>url  to  the  I'hytical 
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neglected  in  these  early  days,  and  wlien,  in  tlio  course  of  time,  their 
study  was  seriously  undertaken,  the  atomic  theory  appears  to  have 
retained  an  undue  place  in  the  minds  of  successive  experimenters. 

It  was  not  until  physics  had  further  developed,  and  the  nature  of 
solutions  had  been  more  fully  investigated,  that  a  correct  estimate 
of  the  constitution  of  metallic  alloys  became  possible.  It  is  now 
recognised  that  experiments  on  the  nature  of  molten  and  solid  alloys 
will  materially  advance  our  knowledge  of  the  constitution  of 
solutions  generally. 

Methods  of  Investigation. — The  study  of  alloys,  from  the  point  of 
view  of  the  chemist,  has  been  found  to  be  difficult  because  their 
constituents  do  not  combine  simply  in  atomic  proportions.  The 
physicist  has,  in  turn,  found  the  study  difficult  because  the  opacity 
of  metals  and  alloys  precludes  the  use  of  optical  methods,  except  in 
a  few  instances.  Alloys,  moreover,  do  not  conduct  electrolytically, 
and  thus  a  whole  field  of  investigation  has  hitherto  been  closed. 

In  consequence  of  these  difficulties,  the  methods  of  investigation 
that  have  been  adopted  are  mostly  indirect  ones.  Almost  every 
physical  and  chemical  property  of  metals  has  been  utilised  in  their 
study.  Speaking  generally,  it  may  be  said  that  efforts  have  been 
directed  mainly  with  the  intention  of  determining — 

1.  The  varioiTS   groups   or   compounds  which    constitute   the 

solid  alloy.  In  this  connection  the  chemical  composition, 
the  relative  amounts,  and  the  distribution  of  each  group 
that  may  be  formed,  have  to  be  ascertained. 

2.  The  conditions  under  which  certain  constituents  or  groups 

crystallise   or   sej)arate   from   the    molten   alloy   during 

solidification,  and  what  molecular  or  other  changes  take 

place  during  the  subsequent  cooling  of  the  metallic  mass 

to  the  ordinary  temperatures. 

When  full  information  under  these  two  heads  has  been  obtained, 

it  will  be  possible  to  consider  what  was  the  constitution  of  the  alloy 

while  it  was  still  molten.     It  may  be  viewed  as  a  solution  of  the 

constituent  metals,  together  with  any  chemical  compounds  that  may 

be  formed.      The  changes  which  occur  on    solidification,  and  the 
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e\t4.'iit  t"  uliu'h  thu  iiu'ttilii  I't-miim  ui  iiiutuul  ttuliii  oulutiuu,  can  tliuu 
b»' oMUhi(l(<ritl.  Tho  inforiutttiuu  uccoiisiiry  fur  auttwvhng  iho  abuvo 
quMtiuDH  has  bovu  sought  fur  iu  a  largo  uumbor  of  wayH,  auJ  may 
bv  oouniilortHl  under  two  distiuct  hcad^. 

(A)  The  Chemical  iiruupimj  of  Melult  in  a  »olid  Alloy. — The 
experimeuU  made  with  a  viow  to  deturmiue  the  groupiug  uf  the 
cou8titueut«  in  thu  Kulid  all(»y  involve  the  foIlu»iug  luethudri  and 
8ubj(x.'l8  iif  reseurch,  which  tiru  c*i>u8idtirtxl  iu  detail  iu  the  original 
I»a]Kr:  — 

((I )  Microscopic  examination  uf  a  puliiihed  and  etched  aectiou 
of  the  alloy. 

{b)  Isolation    of  the   constituents   of   the   alloys   by  •suitable 

chemical  solvents,  with  or  without  the  aid  of  an  electric 

current. 

(c)  The  electromotive  force  of  solution  of  metals  and  alloys. 

(d)  The  electrical  resistance  of  metals  and  alloys. 

(e)  The  specific  gravity  of  alloys. 

(/)  The  heat  of  combination  of  metals  to  form  alloys. 
(tj)  The  thermo-electric  jMjwer  and  the  Volta  eflect. 
(A)  Metallic  diffusion  in  liquid  and  solid  alluys. 
(i')  Metallic    conduction    of    electricity    and    the    diUcrence 
between  tLis  and  electrolytic  conduction. 

(B)  SfjHiration  of  the  Coimtituentt  during  SolidificaiioH. — The 
conditions  under  which  the  several  constituents  separate  from  the 
molten  alloy  during  soliditication  and  the  existence  of  any  subse.juenl 
molecular  changes  have  been  studied. 

(j)  By  means  of  the  pyrometer,  especially  tho  thermo-oouple 

with  recording  apparatus. 
(k)  By    heating     the    alloy    to    definite    tomporaturuA    and 

separating   by    pn^ssure    the    liquid    from    the  still  solid 

l>ortion,  both  of  those  being  analysed. 
(/)  By  investigating  the  changes  in  the  magaetic  character  of 

steel  and  other  m.ignetic  aliuy»,  as  they  are   heated  or 

cuolod. 
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Classification  of  Metallic  Alloys. 

Metallic  alloys  are  commonly  kuowu  iu  two  out  of  tLe  three 
states  of  matter,  namely  the  solid  and  the  liquid.  The  gaseous  state 
of  alloys  has  not  yet  been  studied  to  any  great  extent,  and  may  for 
the  present  be  omitted,  but  it  may  be  added  that  native  alloys 
are  found  which  have  evidently  been  formed  by  the  condensation  of 
metallic  vapours,  and  this  also  applies  to  certain  metallic  furnace 
products.  Although  alloys  are  of  more  industrial  importance  in 
their  solid  than  in  their  liquid  condition,  it  will  be  well  to  consider 
first  their  constitution  when  molten,  because,  with  a  few  important 
exceptions,  which  will  be  dealt  with  later,  all  alloys  have  passed 
through  this  state,  and  their  solid  condition  can  only  be  fully 
explained  as  an  outcome  of  the  preceding  molten  condition. 

Liquid  Alloys. — So  far  as  we  are  aware,  the  constitution  of  a 
molten  alloy  is  quite  independent  of  the  state  of  aggregation  of  the 
alloy,  or  of  the  constituent  metals  in  their  previous  solid  condition. 
Alloys  when  molten  consist,  as  has  been  already  stated,  of  one  or 
more  mutual  solutions  of  the  constituent  metals,  and  of  any  definite 
compounds  that  may  be  formed.  Consideration  will  first  be  given  to 
the  comimratively  simple  cases  in  which  no  chemical  compounds  are 
formed,  and  we  will  also  limit  the  consideration  at  first  to  binary  alloys. 
In  such  an  alloy  each  metal  dissolves  a  certain  amount  of  the  other 
metal,  until  it  is  saturated  with  it,  two  conjugate  solutions  being,  in 
general,  thus  obtained  which  may  be  mechanically  mixed  so  as  to 
form  an  emulsion,  or  may  separate  into  two  layers  in  virtue  of  their 
different  specific  gravities. 

The  solubility  of  each  metal  in  the  other  is  a  function  of  the 
temperature.  This  is  clearly  shown  in  Fig.  175,  for  the  alloys  of  two 
metals  A  and  B.  The  ordinates  denote  the  temperature  of  the 
molten  alloy,  and  the  abscissae  the  percentage  of  the  metal  B  present 
in  each  solution. 

At  the  temperature  t,  for  example,  the  two  conjugate  solutions 
would  contain  id  per  cent,  and  te  per  cent,  respectively  of  the 
metal  B,  and  any  alloy  containing  more  than  td  per  cent.,  and  less 
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thmu  /«■  per  oont  uf  B  would  at  thU  ttiiu]>ur«ture  couiiitft  of  u  mocluuical 
luixturu  of  tlioiio  two  coiiju^tu  li^ilutiimH.  At  higher  tom{M)raturofl 
thu  tiolubility  of  uuch  luutul  iii  thu  utliur  iuoroaiiti«,  until  at  ('  the 
luutAlii  fiimlly  ooalesco  to  form  a  Kinglo  Bulutiou. 

Auy  alloy  luay  be  ruproKuuted  as  regardtf  oompositiuu  au<l 
t«iu]»t'rHture  by  a  Kiugle  ]>oiut  ou  thu  diugratu.  If  the  point  lie 
withiu  the  curve  DCE,  two  coujugatu  BolutiouK  will  be  fouul,  but  if 
out^ile  the  curve  only  oue  solutiou  can  exiiit,  DCE  haa  oonHO^[tieutly 
bet'U  termed  the  "critical  curve."  lu  the  case  of  temiiry  allovH 
three  separate  BulutiuiiH  iiiuy  result,  and  this  can  be  iniicatel  by 
means  of  an  equilateral  triangle.     (See  original  Paper.^ 

Fic.  175. 
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Si'lid  Alloys. — Leaving  entirely  on  oue  side  the  tuodeuf  formation 
of  solid  alloys,  it  can  be  shown  that  they  may  be  classified  in  exactly 
the  same  manner  as  fluid  alloys.  Thui>  two  or  more  metals  will 
dissolve  in  oue  another  au<l  will  form  a  solid  solution  ]<reciselj 
analogous  to  a  liquid  solution.  The  limits  of  temperature  and 
composition  within  which  solid  solutions  can  be  formed  may  bu 
indicated  exactly,  as  in  the  case  of  liquid  solutions,  by  the  critical 
curves  dividing  the  regions  of  complete  miscibility  from  those  of 
two  or  more  conjugate  solutions,  Fig.  175,  and  it  will  therefore  not 
be  necessary  to  re])eat  what  has  been  already  stated  a^>out  the 
liquid  metallic  mixtures. 

The  mutual  solubility  of  solid  metals  is,  however,  usually  much 
less  than  that  of  liquid  metals,  henoe  the  well-known  fact  that  solid 
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alloys  are  less  frequently  liomogeneous  than  liquid  alloys.  It 
follows  that  a  knowledge  of  these  limits  of  solubility  in  the  solid 
state  is  of  far  more  importance  than  in  the  liquid  state.  The  study 
of  solid  metallic  solutions  is,  however,  more  difficult  than  that  of 
liquid  solutions,  because  the  condition  of  equilibrium,  so  readily 
attained  in  the  case  of  liquids,  requires,  in  the  case  of  solids,  an 
interval  of  time  which  may  amount  to  days,  years,  or  centuries  before 
it  is  even  approximately  established.  This  arises,  of  course,  from  the 
very  limited  movement  of  the  molecules  in  a  solid,  but  it  must  be 
remembered  that  while  it  adds  enormously  to  the  difficulties  of  the 
investigation,  there  is  no  essential  difference  between  the  liquid  and 
the  solid  solutions.  Even  in  liquid  solutions,  a  certain  time  must 
elapse  before  equilibrium  is  established,  and  the  change  to  the  solid 
state  merely  prolongs  this  time.  The  diffusion  of  gold  in  solid  lead  * 
at  temperatures  varying  from  15°  C.  (59°  F.)  to  250°  C.  (482°  F.)may 
be  cited  as  an  instance.  Under  the  conditions  of  the  experiment, 
there  were  no  indications  that  equilibrium  had  been  attained  between 
the  solid  gold  and  its  solution  in  solid  lead.  On  the  other  hand,  in 
the  cementation  of  iron  to  form  steel,  there  is  a  well-recognised  limit, 
which  increases  with  the  temperature,  beyond  which  no  more  carbon 
will  dissolve  in  the  iron. 

The  essential  point  to  be  remembered  in  applying  existing 
knowledge  of  liquid  solutions  to  solid  alloys  is  that  there  are 
definite  laws  of  solubility  for  solids  as  for  liquids,  but  that  if  the 
solids  are  brought  merely  into  mechanical  contact,  an  exceedingly 
long  time  must  elapse  before  equilibrium  can  be  established.  On  the 
other  hand,  when  a  liquid  alloy  solidifies,  the  solid  must  have  been 
in  equilibrium  with  the  liquid  at  the  moment  of  its  formation,  and 
this  greatly  facilitates  the  study  of  solid  solutions. 

Changes  from  one  state  of  matter  to  another. 

(a)  From  the  state  of  vapour  to  that  of  liquid  or  solid. — Very 
little  is  known  about  this  in  the  case  of  alloys,  though,  as  has  already 


*  EobertB-Austcu.     Philosophical  Transactious  Itoyal  Society,  IS'JG,  vol.  187> 
series  A,  page  3S6. 
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Ihhii  sUitisl,  alloys  coikIlmimnI  fr<>iu  viijMmr  ure  kimwn.  McUU  in  tho 
sUlf  of  VHjHJur  U'ini^  coiujtlfUly  mit»cibl«',  litjiiid  or  Huliil  alloyK  will 
form  from  tlieui  ace  trdiug  to  tliu  Htuoimt  of  each  ineUl  pruKent  in 
the  vujxmr  iiud  to  tho  vapour  prcssuru  exerted  by  ouch  coijutitiicnt  of 
the  stdid  or  liquid  alloy  which  is  formed.  Tho  alloy  will  fonu  in 
the  liquid  or  tho  8<did  state  according  to  the  tomi>cratare  (and  to  a 
very  slight  extent  the  pressure )  at  which  the  condensation  occurs. 
It  is  ]K>ssible  in  this  way  to  form  certain  s  did  ulloys  by  c<»ndensation 
of  vii]>our  without  |>a88iug  through  the  liquid  state,  and  it  would  l>e 
interesting  to  determine  whether  the  structure  of  an  alloy  so  formed 
wt)uld  be  similar  to  that  of  an  alloy  which  had  been  pro<iuced  by 
fusion.     Moud's  Nickel.  j>repared    by  ;doposition   from  the  gaseous 
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nickel-carbouyl,  is  really  an  instance  of  Jthis,  as  an  alloy  of  nickel 
and  iron  may  be  obtained  in  this  way  from  mixed  nickel  and  iron 
carbonyls. 

( b)  Changes  fr< 'in  the  liijui<l  to  thf  guild  ftate. — Although  fluid 
alloys  may  be  very  complex,  the  mutual  solubility  of  the  metals  is 
in  general  so  great  that  a  single  solution  is  alone  produced.  It  will 
be  well  to  consider  this  case  first,  and  to  begin  with  the  consideration 
of  alloys  in  which  no  chemical  combination  takes  place.  In  alloys 
of  this  class  it  is  usually  found  that  the  tem|>erature  of  solidification 
of  each  metal  is  lowere<l  progressively  by  successive  additions  of  the 
other  metal.     This  is  indicated  in  Fig.  176,  where  the  abscissae  denote 
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the  proportion  of  the  two  metals  A  and  I>  in  the  alloy,  and  the 
ordinates  denote  the  temperature,  a  and  h  are  the  melting  points 
of  the  pure  metals,  and  the  melting  points  of  the  intermediate  alloys 
are  represented  by  the  lines  ac  and  he,  which  meet  and  form  an  angle 
at  c. 

The  determination  of  the  temperatures  of  solidification  of  a  series 
of  alloys  is  most  readily  effected  by  taking  an  autographic  record  of 
the  rate  of  cooling  of  each  alloy  of  the  series.  Such  a  cooling  curve 
for  an  alloy  of  this  class  is  represented  in  Fig.  177  (page  181)  in 
which  ordinates  denote  the  temperature,  and  abscissae  time.  It  will 
be  seen  that  there  are  two  breaks  in  the  ciirve,  one  at  a,  where  the 
curve  abruptly  changes  its  direction  and  then  gradually  resumes  it 
again,  and  another  at  h  in  which  both  the  beginning  and  the  end  of 
the  change  are  sharp. 

The  angle  at  a  denotes  the  beginning  of  the  crystallization  of 
the  metal  which  is  in  excess  in  the  alloy,  and  which  may  be  called  A, 
the  change  of  direction  being  produced  by  the  evolution  of  the 
latent  heat  of  solution.  As  the  metal  crystallizes,  the  remaining 
liquid  contains  less  of  the  metal  A,  and  the  temperature  of  saturation 
falls.  It  follows  from  this  that  no  part  of  the  curve  at  a  can  be 
quite  horizontal,  and  that  it  must  gradually  become  more  and  more 
inclined,  and  as  the  liquid  becomes  poorer  in  the  metal  called  A,  a 
point  is  reached  when  it  becomes  saturated  also  with  the  metal  B  ; 
from  this  point  the  metals  A  and  B  solidify  side  by  side,  the  residual 
liquid  remaining  of  the  same  composition,  and  consequently  at  the 
same  temperature,  until  the  whole  has  solidified.  This  stage  of  the 
solidification  of  the  alloy  is  represented  by  the  flat  part  h  of  the 
cooling  curve  in  Fig.  177.  The  temperature  of  the  first  break  in  the 
cooling  curve  varies  in  the  different  members  of  the  series,  as  is 
shown  by  the  line  a  c  h,  Fig.  176,  but  the  temperature  of  the  second 
stage  is  constant  in  all  the  alloys  of  the  series,  in  which  this  arrest 
can  be  detected.  This  is  indicated  in  Fig.  176  by  the  horizontal  line 
through  c. 

For  the  sake  of  simplicity  the  metals  A  and  B  have  been  spoken 
of  as  crystallizing  in  the  liquid  alloy,  but  it  must  be  remembered 
that  each  of  these  metalg"  crystallizes  with  a  certain  amount  of  the 
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i-liirr  liihjjolvLHl  ill  it,  fiirmiiig  u  Siiliil  hulutiou,  the  tlt^'ree  of 
ftuuH'Utratioii  i»f  which  dfja-iuls  on  that  of  tho  liquid  uolutioii  from 
which  it  Bu]>anit«<l.  This  is  indicated  in  Fig.  17G  by  the  dotted  lines 
<i  (/  and  b  r,  wliich  show  for  each  temi>erature  tho  conii>OHition  of  the 
solid  Bulutioiig  that  can  Ih)  formed.  It  will  be  seen  that  the  degree 
of  eouceutrfttion  of  tho  solid  solution  bears  a  general  rclatiouship  to 
that  of  the  liquid  solution  from  which  it  was  formed,  and  it  may  be 
uskuuilhI  for  tho  present  that  in  the  case  of  dilute  solid  solutions  they 
aro  simply  i)roportional. 

The  points  d  and  e,  at  which  the  lines  of  solid  solution  meet  the 
eutectic  line,  represent  solid  solutions  which  are  in  o<|uilibrium  with 
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each  other  and  with  the  liquid  alloy  c.  They  are  in  fact  saturated 
solutions,  and  give  two  points  on  the  curve  of  mutual  solid  solubility 
DUE.  It  may  then  be  said  that  a  solidified  eutectic  alloy 
consists  of  a  mechanical  mixture  of  two  saturated  or  conjugate  solid 
solutions. 

It  should  be  remembered  that  there  is  nothing  fundamental  about 
the  composition  and  temperature  of  tho  point  r  ;  it  is  men  ly  the 
point  of  intersection  of  the  lines  a  <•  and  b  r,  either  of  which  might 
have  been  prolonged  in  the  absence  of  the  other.  This  had  betn 
investigated  in  the  case  of  salts,  and  has  lately  been  exjx-rimentally 
realised  by  us,*  in  the  case  of  the  tin-lead  alloys,  by  utilising  the 
phenomenon  of  selective  snrfusion. 

•  Hoberts-Au8U-D.     Prooe«diug8  lioral  Society,  vol.  Ixiii  (1S98X  page  452. 
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Fig.  178  (page  183)  shows  a  portion  of  the  "  freezing-point  curve  " 
of  the  lead-tin  alloys,  in  which  the  line  a  c  has  been  traced  in  this 
manner  to  a  temperature  7°  C.  (12*6°  F.)  below  that  of  the  eutectic 
freezing  point,  and  9°  C.  (1G'2°  F.)  below  that  at  which  the  tin 
should  have  commenced  to  crystallize. 

Now  if,  as  has  been  shown,  the  line  a  c  can  be  prolonged,  it  is 
obvious  that  the  line  a  d  in  Fig.  176  (page  181)  can  also  be  prolonged 
to  some  point  within  the  curve  D  C  E,  and  it  might  be  thought  that 
the  solution  d  could  not  really  have  been  saturated.  That  this  is  not 
tlie  case  will  be  evident  when  it  is  remembered  that  the  presence  of 
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the  conjugate  solid  e  would  lead  to  a  re-arrangement  of  the  dissolved 
metals.  The  prolongation  of  a  d  merely  represents  a  condition  of 
supersaturation  analogous  to  that  of  surfusion. 

In  order  to  plot  the  curves  of  solid  solution  a  d  and  h  e,  it  will  be 
necessary  to  separate  mechanically  the  crystals  from  a  cooling  alloy, 
and  to  determine  their  composition.  Unfortunately  very  little  work 
has  been  done  in  this  direction,  although  Matthiessen,*  so  long  ago 
as  1867,  published  the  results  of  some  experiments  on  the  composition 
of  the  crystals  which  separate  in  gold-tin  alloys.  The  authors  are 
therefore  unable  to  present  any  example  of  a  metallic  alloy  in  which 


*  Matthiessen,  Journal  Cliemical  Society  (1867),  page  201. 
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thu  conijKtBition  of  the  Kolid  pliase  Iim  been  cxperimeuUllj 
«lc<t4<riuiiu'(l ;  but  wo  run,  as  will  \te  cxplnin^l  lutor,  gain  Kome 
inforiuiition  ns  to  the  comiKtBition  of  the  solid  phases  from  the  8l<>|>e 
and  degree  of  curvature  of  the  equilibrium  curves  a  <•  h.  In  the 
meaiitiiiie,  fts  au  fvamplf,  iimy  Ix*  j^iveii  the  solution  curves  of  mixture« 
of  uaplithalene  and  iu<jU(»chlor-acetic  acid,  Fig.  179,  which  have  been 
investigated  by  Caily  ;•  the  figure  has  been  lettered  to  agree  with  the 
typical  case  in  Fig.  176  (page  IHl),  but  the  curve  DC  E  has  been 


Fir..  180. 


Fig.  181. 


HtB-g 
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omitted,  as  sufficient  data  for  its  construction  were  not  available. 
Fig.  17<>  may  be  considered  as  representing  the  solidification  of  the 
typical  binary  alloy,  in  which  no  definite  compounds  are  formed,  and 
the  investigation  of  cases  which  may  be  regarded  as  modifications  of 
this  tji>e  may  now  be  taken  in  hand,  these  modifications  resulting 
from  the  greater  or  less  degree  of  mutual  solubility  of  the  solid  metals. 
In  Fig.  180  is  i)re8ente<l  the  case  that  has  generally  been 
contemplated  by  writers  on  alloys,  that,  namely,  in  which  the  mutual 
s<dubility  of  the  solid  metals  is  so  slight  that  they  may  be  regarde<l 
as  being  practically  insoluble  in  one  another.     Tlio  crystals  which 


*  C«Uy,  Journal  of  Physioal  Chemiiitry  (IHHi^X  vol.  iti,  pa^re  127. 
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separate  ou  the  liues  a  r  ami  b  c,  consist  of  tlie  pure  metals  A  or  B, 
and  the  eutectic  alloy  is  also  an  intimate  mixture  of  the  pure  metals. 
The  curves  a  c  and  &  c  can  consequently  be  represented  by  the 
equations  of  Van  't  Hoff  *  or  of  Le  Chatelier,f  both  of  which  require 
the  separated  metal  to  be  pure.  The  curve  D  C  E,  denoting  the 
mutual  solubility  of  the  solid  metals,  must  be  drawn  in  such  a 
manner  as  to  practically  coincide  with  the  lines  A  a  and  T>h.     The 
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branches  D  C  and  E  C  may  meet  as  in  the  typical  case,  Fig.  176 
(page  181),  but  it  will  be  at  a  very  much  higher  temperature.  The 
upper  parts  of  these  curves  are  indicated  to  show  the  continuity 
between  the  different  classes  of  alloys,  only  those  parts  below  d  e 
being  generally  realised. 

If  an  alloy  is  now  considered  in  which  the  solid  metals  are  more 
soluble  in  one  another  than  they  were  in  the  typical  case,  it  may  be 
found,  as  in  Fig.  181  (page  185),  that  the  curve  a  c  h  lies  wholly  above 
D  C  E.     In  other  words  the  metals  A  and  B  are  completely  soluble 


*  Van  't  Hoff,  Philosophical  JMagazine,  ISSS,  vol.  xxvi,  page  81. 
+  Le  Chatelier.  Annale&des  IMines,  1888. 
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in  each  other,  aiul  tiio  mAid  ftolutiuu  wliioh  in  foriiu-^l  <  l.aii;.''^  ;.-rit'iiittlly 
au<l  \«it}Hiiit  nuy  (litioonlimtity  fnuii  one  |juru  luiiil  t<>  tin-  <>t!irr. 
This  gratlual  transition  is  indicated  by  the  dotted  line  !><rf-(/(i,  and 
it  followK  from  thiH  that  the  eiiuililiriuin  cunro  bra  muHt  alMt  lie 
ountiiiuouit,  tlio  an^lo  nt  <-  having  Itoen  ipiite  obliteraUxl.  Thu 
upper  ]tart  uf  Fig.  ISI  rt*]irfMntK  the  temiwratoreii  uf  solidification  of 
fused  mixtures  of  mercuric  ioilide  and  bromide,  and  the  comi>oaitionH 
of  the  solid  thdutionM  which  are  formed.  Tho  curveM  were  takon 
from  a  recent  Pajxr  by  ReiudtTH,*  and  were  selet^-to*!  as  an  example 
becaase  the  composition  of  the  solid  phsHu  had  Wen  detormiueil. 
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In  Fig.  182  are  given  tho  equilibrium  curves  of  the  gold-copper 
and  tho  silver-copper  series  of  alloys  recently  obtaiced  by  one  of  tie 
writers.^ 

Tho  Bilver-cop])er  alloys  may  be  given  as  an  illuiitrution  of  the 
tyi'ical  case,  Fig.  170  (i>age  181 ),  and  the  gold-copi>er  alloys  serve 
Very  well  to  illustrate  the  trausitiou  from  this  to  the  B{>ecial 
modification  presentetl  in  Fig.  181  (page  185) ;  the  angle  at  c  being 
almost  obliterated  by  the  incretu:e<l  curvature  of  the  brancheti.  The 
dotted  curves  giving  the  composition  of  the  soli-l  phases  are  not  the 
results  of  experiment,  as  none  were  available,  but  have  been 
calculated  approximately  from  the  shape  of  the  curves,  in  a  manner 
to  be  explained  presently. 


*  Heinden-,  Kuu.  Akit<l.  rnn  Weteiu,  te  AuisUnlaui,  If'W,  pag«  HC 

♦  IloU-ita-Aubtfu.     iliut  Iffjiort.  I'.hmi.  put'o  7". 
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Tliere  is  still  one  more  modification  of  the  typical  case  to 
consider,  namely,  that  in  which  the  solid  phase  has  nearly  the  same 
composition  as  the  liquid  from  which  it  separates ;  imder  these 
conditions  the  temperature  is  almost  constant  during  solidification,  and 
the  equilibrium  curve  is  represented,  as  in  Fig.  183  (page  187),  by  a 
straight  line  Ag  Au  joining  the  melting  points  of  the  two  metals.  This 
line  also  shows  approximately  the  composition  of  the  separating  solid.* 
It  Avill  be  seen  that  such  a  case  indicates  a  further  increase  in  the 
mutual  solubility  of  the  solid  metals,  and  it  may  be  inferred, 
although  no  experiments  have  been  made  in  this  direction,  that  the 
critical  curve  D  C  E,  if  it  exists  at  all,  must  in  this  case  be  far  below 
the  line  Ag  Au.  The  gold-silver  alloys,t  which  are  represented  in 
Fig.  183  (page  187),  form  a  very  good  example  of  this  class. 

Alloys  whose  equilibrium  curves  are  straight  lines,  as  in  Fig.  183, 
or  U-shaped  curves,  as  in  Fig.  181  (page  185),  have  been  termed 
"  Isomorphous  "  by  some  workers ;  while  the  term  "  mixed  crystals  " 
has  been  applied  to  the  solid  separating  from  fused  mixtures  of  salts, 
when,  as  usually  happens  in  alloys,  the  composition  of  the  separated 
solid  varies  continuously  within  certain  limits.  The  use  of  these 
terms  arises  from  the  difi^erent  points  of  view  of  various  workers  ; 
and  the  terms  connote  certain  properties  which,  as  Le  Chatelier| 
has  pointed  out,  are  not  quite  general. 

Much  would  be  gained  if  chemists  and  physicists  could  agree  to 
use  the  term  "  solid  solution  "  wherever  it  can  rightly  be  applied,  as 
this  would  bring  so  many  ajDparently  isolated  phenomena  into  line 
ivith  one  another,  and  the  small  change  in  nomenclature  would  do 
much  to  encourage  the  application  of  the  laws  of  liquid  solutions  to 
solids. 

A    mathematical    discussion    in    the    original    Paper    may   be 


*  The  composition  of  the  separated  solid  will  probably  be  represented  by  a 
slightly  curved  line  concave  upwards  and  passing  through  Ag  Au. 

t  Eoberts- Austen  and  Kose,  Proceedings  Koyal  Society,  vol.  Ixxi,  page  162. 
They  have  shown  that  the  freezing-point  curve  of  the  gold-silver  alloys  is  not  a 
straight  line,  as  had  been  supposed,  but  has  a  decided  curvature,  tlie  convex 
side  being  up. 

X  Annales  des  Mines,  1 897. 
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■uiuniariaed  m  folluvm : — FurnmliD  havo  boon  giveu  by  Vau  't  lioflT 
mid  I^  Clmtolicr  for  cftU-uliitiii|j;  thu  luuluculiir  weight  uf  a  diaaulTad 
body  fntiu  tliu  lowcriii}^  of  tho  fruezing  {xiitit  of  the*  Mulreut. 
Ileycuok  and  Nevillo  linvo  apidied  thuHu  furmuliu  tu  the  caae  of 
metallic  alloys,  and  fmd  that  the  luutalu  iu  fluid  alloyii  uro  iu  general 
uioutttouiic,  whuu  they  do  nut  combine  to  form  conii>ouuds.  They 
tiud,  however,  that  the  observed  lowering  ia  usually  leaa  than  tha 
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theory  demands,  and  that  the  diflference  is  more  pronounced  as  the 
solutions  become  less  dilute.  The  authors  point  out  that  Van  *t  Ilofl!' 
and  Le  Chatelier  based  their  formula,*  ou  the  assumptiou  that  the 
pure  metal  (or  a  metallic  com]>ound)  solidified  first  in  a  cooling 
alloy,  but  that  iu  reality  a  bulid  solutiou  is  usually  formed,  and  that 
the  formuhe  should  be  mLKlitietl  to  recognise  this  fact  The  authors 
obtAined  formuhe  for  the  general  case  iu  which  a  solid  solution  is 
formed. 
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In  order  to  avoid  coufusion,  the  cousideratiou  has  beeu  left  until 
now  of  a  variety  of  the  typical  case  which  might  occur  if,  as  in 
Fig.  184  (page  189),  the  melting  point  a  of  one  metal  were  lower  than 
the  point  c  at  which  the  line  h  e  intersects  the  curve  D  C  E.  Under 
these  conditions  the  equilibrium  curve  would  consist  of  two  parts, 
a  c  and  c  h,  meeting  at  an  angle  at  c,  only  c  is  no  longer  a  point  of 
maximum  fusibility,  and  the  solid  that  separates  at  this  temperature 
is  not  a  eutectic,  but  a  saturated  solid  solution  of  B  in  A. 


Fig.  18.5. 
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The  point  c  has  been  called  a  transition  point,  because  it  denotes 
an  abrupt  change  in  the  composition  of  the  deposited  crystals. 
Immediately  above  c  these  crystals  were  saturated  solutions  of 
A  in  B,  and  at  c  they  become  saturated  solutions  of  B  in  A. 

The  authors  were  not  aware  of  any  example  of  this  in  the  case  oi 
simple  alloys,  though  such  are  constantly  met  with  when  metallic 
compounds  are  present.  Professor  Bakhuis  Eoozeboom  has  however 
investigated  an  exactly  analogous  solution,  namely  that  of  the  fused 
mixtures   of  silver  nitrate   and    sodium    nitrate,*    and    these    are 


♦  Roozeboom,  Kon.  Akad,  van  Wetens  te  Amsterdam,  Nov.  18[)9. 
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H  j.rcf-t  I  uhI  in  Fig.  lH4,the  whole  (»f  whirh,  with  the  exoeptiuD  of  tb« 
<-!irvt*  U  C  f,  \»  biuieil  ou  ex])t)riiiicutAl  iluU. 

lu  Fi(*.  185  are  given  the  tMiuililiritiin  curTOs  of  part  of  the  zinc- 
silTer  aeriee  of  alloja,*  which  are  exactly  analogous  to  the  c%au  juat 
ileacribed.  In  this  Kerics,  ilfQuito  coiupuunJii  of  zinc  aud  hilvur  are 
foruiod,  and  thui>c*  coiujxiuiiiIh,  aK  well  as  thu  pure  uietiilh  Ag  and 
■  'u,  aro  coucerued  in  the  u<juilibriuiii.  The  lines  repreauut  Uie 
theoretical  etiuilibrium  curves  and  com|>o8itioUH  of  the  solid  phase, 
but  a«  the  latent  heat  of  fusion  of  the  cotu]>ound  (assumed  t4j  be 
AgZn)  was  not  known,  aud  was  therefore  deduced  from  those  of 
the  pure  metals,  it  wus  not  ex]>ected  that  they  would  be  very  accurate. 

lu  tnicing  the  solidification  of  iilloys  it  has  been  tacitly  assumed 
that  etiuilibrium  would  not  be  estttblishc*!  between  the  solid  phases 
leposited  at  the  different  stages.  During  the  solidification  of  a 
metallic  alloy  solid  solutions  of  varying  concentrations  are  de])osited, 
and,  as  has  been  shown  microscopically,  these  are  frequently 
leposited  as  concentric  layers  on  the  same  crystal. 

Other  considerations  would  be  involved,  if  sufficient  time  were 
allowed  for  these  layers  to  arrive  ut  a  state  of  equilibrium  among 
themselves,  and  it  is  only  under  such  conditions  that  a  true 
e<juilibrium  curve  can  be  obtained. 


Solid  AUoti$  Containing  Definite  Compounds. 

The  existence  of  definite  com]>ounds  in  alloys  has  been  known 
for  a  long  time,  being  inferred  from  the  occurrence  of  more  or  le»8 
abrupt  changes  in  their  physical  and  in  some  cases  their  chemical 
projtertius,  as  their  comjKJsition  was  gradually  altered.  Cire«t 
difficulty  has  attended  all  efforts  to  isolate  these  compounds,  because 
they  are  far  lees  stable  than  those  generally  recognised  by  chemista, 
l>eing  rather  of  the  nature  of  molecular  compounds,  like  the  salts 
outaining  water  of  crystallization.  When  in  the  molten  stat«, 
thcKe  compounds  are  probably  iiartially  dissociated  into  their 
con^tituent    metal^^,    and    it    follows   from  thift  UuU  we  can  seldom 


*  lleycuck  and  NcviUc,  Tra:iMetio&s  Cbemical  Society,  l^JT,  page  4i)7. 


192 


ALLOYS    HESKARCn    (aPP.    i). 


Jan.  1904. 


observe  their  true  poiut  of  solidification.  Indeed  an  alloy,  made  up 
in  the  molecular  proportion  of  a  compound  that  undoubtedly  exists, 
not  infreqiiently  shows  evolutions  of  heat  at  two  distinct  temperatures 


during  solidification. 


Tlie  conditions  of  "equilibrium  in  the  solidification  of  alloys 
containing  compounds  are  far  more  complicated  than  in  the  case  of 
simple  alloys,  but  after  what  has  been  said  about  the  latter  it  will 
be  possible  to  treat  somewhat  briefly  the  alloys  with  compounds. 

Fig.  186  represents  a  series  of  binary  alloys  of  the  metals  A  and  B, 
in  which  compounds  C  and  D  are  formed.  If  C  and  D  were  not 
dissociated  when  fused,  the  diagram  might  be  divided  into  three 
parts  by  vertical  lines  through  C  and  D,  and  each  of  these  would 


Fig.  186. 
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reprenent  an  independent  series  of  binary  alloys  with  a  critical  curve 
and  equilibrium  curve  such  as  has  already  been  considered.  In  such 
a  case  it  would  obviously  be  meaningless  to  plot  the  whole  diagram 
in  atomic  proportions  of  the  metals  A  and  B.  Each  section  must, 
if  molecular  plotting  be  required,  be  plotted  separately  in  molecular 
proportions  of  the  virtual  components,  if  all  the  possible  information 
is  to  be  gained  from  the  shape  of  the  curves. 

The  effect  of  dissociation  of  the  compounds  is  to  lower  their 
apparent  melting  points,  and  to  increase  the  mutual  solubility  of  the 
virtual  solid  constituents  by  increasing  the  number  of  distinct 
substances  which  take  part  in  each  solid  solution. 

This  would  be  rendered  apparent  by  a  rounding  of  the  j)oints 
c  and  d  in  Fig.  186.     The  ^existence  of  dissociation  in  alloys  usually 
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renilera  it  Almost  im})oiMible  to  plot  satufactorily  the  whule  figure  in 
uolt<uIar  jH3roontj\j»o8  of  the  various  componoutM  which  art 

Tho  ftlhiya   of  antimony  niu\   oopimr,  Fig.  1S7,  will  ill  :  ..j 

effect  of  diMOciatiou ;  thoy  have  only  quo  or  two  well-dillaed 
c<imjH)un<l8  and  eutoctic  alloys,  and  iu  consojuenco  of  this  the 
I'xplanutiou  of  their  curvoa  of  e<iuilibrium  is  comparatirely  bimple. 
Tho  lines  j>a88iug  through  e.^  c^  arc  probably  not  qui  to  complttc. 
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In  a  large  umnber  of  alloys,  chiefly  those  which  are  of  industrial 
use,  such  as  the  copper-tin  and  the  copper-zinc  alloys,  the  compounds 
that;  are  found  are  ill-defined,  being  largely  dissociated  when  fuseil, 
and  somewhat  soluble  in  one  another  when  solid.  The  great 
fusibility  of  one  of  the  component  metals,  together  with  the  imperfect 
definition  of  the  com{)ounds,  has  the  eflect  of  producing  an  equilibrium 
curve  which  tends  continually  downwards  in  pasbing  from  one  mttal  to 
the  other.  Instead  of  the  eutectic  alloys  which  were  so  characteriiitic 
of  the  copper-antimony  alloys,  several  transition  points  are  found  at 
which  saturated  solid  solutions  are  formed. 
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As  an  instance  of  tliis  tlie  series  of  the  copper-tin  alloys,  Fig.  188, 
may  be  taken.  The  equilibrium  curve  for  this  series  was  first  given 
by  one  of  the  writers  *  in  1895,  and  more  fully  in  1897,  while 
Heycock  and  Neville  |  have  made  very  careful  determinations  of  the 
greater  portion  of  the  curve.  The  curve  in  Fig.  188,  which  embodies 
the  results  of  the  author's  determinations,  is  plotted  in  ordinary 
percentages  of  copper  and  tin,  and  in  this  form,  or  when  plotted  in 


Fig.  188. 


atomic  percentages  of  copper  and  tin,  it  is  remarkable  for  the  convex 
form  of  the  curve  descending  from  the  freezing  point  of  pure  copper. 
This  form  is  entirely  different  from  the  theoretical  curve  which 
should  have  its  concave  side  upwards,  but  it  can  easily  be  explained 


*  Stansfield,  Proceedings,  Institution  of  Mechanical  Engineers,  1895, 
Plates  41-43;  and  1897,  Plate  10. 

t  Heycock  and  Neville,  PhiloBopliical  Transactions,  Eoyal  Society  1897. 
vol.  189,  series  A,  page  63. 
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if  it  U  BnppoRod  thftt  tho  tin  which  is  i>roReiit  in  tlio  molten  alloy 
rc-iuains  in  wmbinaticn  with  the  c.ppor  ok  Sji  Cm,,  and  indw^l  u 
KUggostiou  t.)  tluK  oiroct  was  nmdi'  by  lIoyccK-k  and  Neville.  If  thin 
part  of  the  curve  is  plotted  in  ni  .loeuhir  perceutogoB  of  copper  and 
Sn  Cu,,  rtMuemlxring  tluit  eopi.er  has  l>etm  shown  to  be  monatomie 
when  diss(dved  in  nncthcr  metal,  it  is  found  that  tho  curve  afiaumefi 
a  normal  shape. 

A  comparison  of  the  experimental  curve  in  Fig.  188  with  tho 
theoretical  curve  of  equilibrium  uppenrs  to  afford  strong  support  to 
the  view  tliat  in  alloys  containing  not  more  than  25  per  cent,  of  tin 
by  weight,  some  compound  of  copper  and  tin,  such  as  Sn  Cu„  remains 
t<i  a  great  extent  undissociated  in  the  fluid  alloy.  Similar  evidence 
renders  it  probable  tliat  brass  containing  less  than  30  per  cent,  or 
40  per  cent,  of  zinc  contains  undissociated  (.'u  Zn  when  fluid. 

The  curves  of  tho  copper-tin  alloys  are  remarkable  for  tho 
complicated  6<iuilibrium  curves  which  aro  found  at  lower 
temperatures  than  the  initial  curve  of  equilibrium. 

If  these  curves  indicate  the  solidification  of  a  still  fluid  portion 
of  the  alloy,  we  must  suppose  that,  as  in  tho  lead-copper  alloys, 
conjugate  liquid  solutions  are  formed ;  while,  on  the  other  hand,  if 
they  indicate  the  crystallization  of  substances  from  a  state  of  solid 
solution,  they  will  constitute  an  important  field  for  research  into' the 
mutual  solubility  of  solids.* 

Solidljication  of  Ternary  Alloys  trhUh  are  xclioUy  MisciUe  tchen 
Fluid— In  view  of  the  great  complexity  of  such  alloys,  and  of  the 
relatively  small  amount  of  work  that  has  been  done  in  connection 
with  them,  it  will  not  be  necessary  to  consider  them  at  any  length. 

The  melting  points  of  a  ternary  series  of  alloys  mlj  be 
represented,  as  Charpy  fhas  shown,  by  a  model  obt4iined  by  drawing 
uu  equilateral  triangle  to  represent  the  composiUon  of  the'  series  of 

•  Since  the  above  wm  written,  neycock  and  yeville  (Prooeedin-s  R...val 
Society  1901.  vol.  68.  page  171)  have  slaowu  that  »<.iue  of  tbe«e  cun-es  indicate 
orystallization  from  a  tolid  Bttlution. 

t  Charpy,  Bulletin  de  la  Societod'Er.c«umg,inent  iK>ur  I'Industrie  N'ationale 
.'th  »erie«,  Vol.  iil,  1898,  page  6S9. 
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alloys,  and  erecting  a  perpcuclicular  at  each  point  to  denote  the 
melting  temperature.  lu  a  ternary  series,  in  which  no  compounds 
are  formed,  and  each  pair  of  metals  has  one  eutectic,  the  eutectics 
will  ajipear  on  this  model  as  three  valleys,  running  downward,  one 
from  each  edge  of  the  triangle,  to  a  common  point  representing  a 
ternary  eutectic  which  is  more  fusible  than  any  other  alloy  in  the 
series.  On  such  a  model  the  existence  of  metallic  compounds  would 
be  indicated  by  mountains  rising  above  the  surrounding  surface. 
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Solidification   of  Alloys    ivhich  are  not    completely   Miscihle  ivhcn 

JFluid. As  an  example  of  this  the  solidification  of  the  copper-lead 

alloys  may  be  taken. 

The  curves  of  solidification  of  these  alloys  were  obtained  by 
one  of  the  authors  in  1897,*  and  have  been  reproduced  in  weight 
percentages  in  Fig.  189.  In  order  to  render  their  meaning  clearer,  a 
portion  of  the  critical  curve  d  C  e,  showing  the  liquid  miscibility  of 


*  Roberts-Austen,  Proceedings,  Institution  of  Mechanical    Engineers,  1897, 
Part  1. 
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tlie  metulh,  IiaK  l>ecn  adtUul,  althouj^h  only  one   p  lint  of  thtK  curvu 
Lus  l>et*n  ttwtrUiuotl  witli  »ny  «legrfo  of  accuracy. 

If  an  uUoy  is  cunsidcrod  lying  to  tlio  right  of  thin  curve,  it  will 
bo  evidcut  that  tho  UHUal  caso  in  prusentod  of  an  alloy  with  two 
branches  <•  <  and  c  l>  and  a  line  of  eutoctic  solidification  at  h  e.  To 
tho  left  of  the  critical  curve  is  tho  equilibrium  curve  a  tl,  and  a 
horizontal  lino  /  d  resembling  un  eutectic  lino,  but  having  a 
somewhat  diflen  nt  meaning.  During  the  solidification  of  an  alloy 
lying  in  this  part  of  the  diagram,  solid  copper  se]>arates,  containing 
jierhups  a  little  dissolved  lead,  and  tho  residual  liquid  changes  in 
composition  and  temperature  along  the  lino  a  d,  until  at  d  a  point 
is  reached  at  which  it  can  h(dd  no  more  lead  in  fluid  solution.  The 
result  of  this  is  that  copj)er  and  lead  sepamto  isothermally  from  the 
solution,  precisely  as  in  the  case  of  an  eutectic.  The  copper 
separates  in  the  solid  state,  but  the  lead  remains  li(juid,  retaining  of 
course  a  certain  small  amount  of  copper  in  solution,  and  finally 
solidifies  on  the  horizontal  line  g  h.  It  will  be  noticed  that  the 
temperature  of  this  final  solidification  is  above  that  of  the  true 
Copper-lead  eutectic  as  given  at  c.  This  may  arise  from  the  fluiJ 
lead  which  seimrates  at  tho  temi)erature  /  d,  retaining  in  the 
subsequent  cooling,  the  copper  which  it  contained  at  that  temperature. 

In  cooling  an  alloy  having  a  composition  between  d  and  f,  it 
separates  on  meeting  the  curve  d  C  c  into  two  conjugate  solutions, 
one  rich  in  copper  and  the  other  rich  in  lead,  which  travel 
respectively  down  the  limbs  C  d  and  C  e,  the  change  in  composition 
of  each  being  effected  by  a  constant  exchange  between  the  solutions, 
one  of  these  becoming  richer  in  copper  and  the  other  richer  in  kad. 

When  the  solution  which  is  rich  in  copper  reaches  the 
t<.niperature  and  composition  d,  the  copper  solidifies,  and  this  is 
indicated  by  the  horizontal  lino  d  i.  The  droop  in  this  lino  between 
I  and  e  is  probably  due  U)  a  condition  of  imperfect  equilibrium 
between  the  two  solutions  when  one  becomes  very  small  in  amount. 

As  additional  examples  of  binary  alloys  of  this  class  may  be 
mentioned  the  lead-zinc,  bismuth-zinc,  kud-alumiuium,  bismuth- 
aluminium  and  cadmium-aluminium  series,  which  are  not  miscible 
in  all  proportions  when  fluid. 
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The  solidification  of  ternary  alloijs  ivliich  are  not  conqjlctely  miscihle 
icJien  fluid  introduces  so  many  complications  that  it  would  hardly  be 
worth  while  to  devote  any  space  to  it  in  the  present  Paper ;  but  the 
work  of  Alder  Wright  *  will  aiford  valuable  material  to  aid  in  the 
solution  of  such  a  problem. 

Molecular  changes  in  solid  metals  and  alloys. — In  addition  to  the 
changes  of  state  of  matter — from  the  gas  to  the  liquid,  and  from  the 
liquid  to  the  solid — there  are  other  molecular  changes  which  take 
place  as  the  temperature  is  lowered  and  which  produce  more  or  less 
abrupt  evolutions  of  heat.  These  changes  which  take  place  in  the 
solid  state  are  called  allotropic  changes  in  the  case  of  elementary 
substances,  and  their  study  has  proved  during  recent  years  a  most 
fruitful  branch  of  research.  This  is  especially  the  case  in 
metallurgical  work,  the  hardening  and  annealing  of  steel,  for  instance, 
being  entirely  dependent  on  such  changes. 

When  a  metal  changes  from  one  allotropic  form  to  another,  its 
physical  properties  are  found  to  undergo  a  sudden  change.  The 
most  important  of  these  changes  is  perhaps  that  in  its  power  of 
dissolving  other  metals.  In  this  respect  an  allotropic  change  is 
precisely  analogous  to  the  change  from  liquid  to  solid,  and  much 
that  has  been  learnt  about  the  nature  of  solidification  may  be  applied 
directly  to  allotropic  changes.  This  will  be  seen  clearly  in  Fig.  190 
(page  199),  which  rei^resents  the  solidification  and  subsequent  changes 
in  a  fused  mixture  of  silver  and  sodium  nitrates ;  f  the  upj)er  part  of 
the  diagram  was  given  in  Fig.  184  (page  189).  The  part  d  G  e  oi 
the  critical  curve  has  again  been  added,  although  it  cannot  be 
experimentally  realised,  in  order  to  render  more  obvious  the  fact  that 
the  lines  g  d  and  E  c  are  parts  of  the  typical  critical  curve  of 
miscibility  for  solids. 

In  the  series  under  discussion  silver  nitrate  is  found  in  three 
distinct  forms  —  liquid,  rhombohedral,  and  rhombic,  but  sodium 
nitrate  only  exists  as  a  liquid  and  in  the  rhombohedral  form. 

*  Alder  "Wright,  Proceedings,  Koyal  Society,  1889-1891,  vols,  xlv,  xlviii,  xlix, 
1,  Hi,  Iv. 

t  Eoozeboom,  loc.  cit. 
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Duriug  the  itrugnss  of  soliJiflcatiun  thoro  aru  ubtainod  solid 
sulutiuus  coutttiiiiug  from  0  por  cent,  to  2G  [hit  ctrnt.  NuNo^,  aud 
from  38  por  oout.  to  100  por  cont.  AgNO,.  Both  tlio«c  »orio8 
are  rhombohotlnil.  As  tho  tcmpenituro  falls  still  further,  the 
oompositiouK  of  tho  conjiigato  solutions  bccomo  inoro  widely 
sepnratod,  as  iudicatod  by  the  lines  d  ij  e  I,  and  tho  latter  line  is 
continued  down  to  the  ordinary  temperatures. 


rifi.  100. 


A^NO 


Thecritical  solution  indicated  hj  d  <j  undergoes  a  sudden  change 
in  composition  at  tho  point  (j,  becoming  suddenly  less  rich  in  XaNOj 
and  changing  to  the  rhombic  crystalline  form.  This  change  in 
solubility  accompanies  the  change  of  the  solid  solvent  (AgXOj)  from 
the  rhombohedral  to  the  rhombic  form.  This  occurs  in  the  pure  solvent 
at  160"  C.  (:J20    F),  but  the  temperature  of  change  is  progressively 
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lowered  by  increasing  the  amount  of  NaNOa,  until  at  g  tlie~conjugate 
solution  changes  to  the  rhombic  form  at  138°  C.  (280-4°  F.). 

The  change  of  crystalline  form  in  the  solid  solution  is  analogous 
to  the  solidification  of  a  liquid  solution,  and  the  lowering  of  the 
change  point  may  be  calculated  if  the  amount  of  heat  evolved  during 
tlie  change  in  the  pure  solvent  is  known,  just  as  the  lowering  of  the 
freezing  point  can  be  calculated  from  the  latent  heat  of  fusion.  This, 
was  pointed  out  by  one  of  the  authors  *  in  the  case  of  steel.  It  must 
be  remembered,  however,  that  sufficient  time  must  be  allowed  for  the 
rhombic  crystals  which  form  to  arrive  at  a  state  of  equilibrium  with 
tlie  ichole  of  the  rhombohedral  solution,  and  that  as  this  is  only 
arrived  at  as  the  result  of  the  gradual  diffusion  of  NaNOg  in  solid 
AgNOg  at  the  comparatively  low  temperature  of  140°  C.  (284°  F.)  it 
cannot  be  accomplished  at  all  rapidly. 

Molecular  changes  in  solid  steel. — In  considering  the  molecular 
changes  in  solid  metals  and  alloys  the  authors  preferred  first  to 
discuss  the  mixtures  of  silver  and  sodium  nitrate,  although  it  does 
not  really  come  under  this  heading,  because  it  has  been  so  fully 
worked  out  by  Bakhuis  Roozeboom,  and  because  it  is  a  comparatively 
simple  case,  and  the  knowledge  gained  in  studying  it  will  greatly 
facilitate  the  investigation  of  the  more  complicated  molecular  changes 
which  take  place  in  solid  steel. 

The  changes  in  steel  and  in  more  highly  carburised  iron  are  in 
fact  so  complicated  that  want  of  space  precluded  an  attempt  to  deal 
with  them  here,  more  especially  as  a  Paper  by  Bakhuis  Eoozeboom, 
"  Eisen  und  Stahl  vom  Standpunkte  der  Phasenlehre,"  f  was  going 
through  the  press  when  this  Paper  was  written.  Both  of  the 
authors  |  have  moreover  treated  the  subject  on  various  occasions,  and 
fjom  different  points  of  view. 

*  Stansfield,  Journal,  Iron  and  Steel  Institute,  1899,  11,  page  1G9. 
t  Bakhuis-Roozeboom,  Journal,  Iron  and  Steel  Institute,  1900,  II,  page  311. 
X  Roberts-Austen,  Proceedings,  Institution  of  Mechanical  Engineers,  1899, 
Stansfield,  loc.  cit.,and  Journal,  Iron  and  Steel  Institute,  1900,  II,  page  317. 
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ADDITIONAL  NOTE.  (OcUiW  1900.) 
The  authors  have  rt'preseiitt'tl,  in  Fig.  191,  the  conucctiuu  betwc«D 
thf  ilifTtrent  kiiuls  (tf  curves  that  have  been  considfrtHl  in  thiK  Pai>er. 
A  number  nf  ct>uliug  curves  of  Jiffcrtut  alhiys  of  the  two  metals 
A  and  B  have  bt*u  i>lacetl  side  by  side  in  such  a  way  that  their 
]  usitiun  in  the  diiigmm  denotes  ajijiroxiniatcdy  their  comi><i«ition. 

The  curvis  ac   and    be   jiassing    through   the   pointn  of   initial 
solidification  of  the  series  are  the  curves  of  equilibrium  between  the 

Fig.  191. 
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solid  and  liijuid  states,  and  the  horizontal  line  H  e  passing  through 
the  points  of  final  solidification  indicates  the  solidification  of  the 
eutectic  alloy.  The  points  d  and  e,  which  limit  this  line,  mark  the 
ends  of  the  curves  a  J  and  h  e  which  show  the  composition  of  the 
separated  solid.  The  points  d  and  «  also  Ho  on  the  critical 
curve  DCE. 

The  portions  dD  c£  of  this  curve  can  alone  be  realised,  and 
their  positions  can  be  determined  by  measuring  the  amount  of  the 
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one  metal  tliat  can  be  dissolved  by  the  other  metal  at  each 
temperature.  In  other  words,  these  curves  indicate  the  compositions 
of  the  richest  alloys  that  can  be  produced  by  the  diflfusion  of  one 
metal  into  the  other  in  the  solid  state. 

The  co-ordinates  employed  in  the  figure  are  time  and  temperature 
in  the  case  of  the  cooling  curves,  and  composition  and  temperature  in 
the  case  of  the  critical  curve  and  the  curves  of  equilibrium.  By 
giving  a  double  meaning  to  the  abscissae  the  use  of  three  co-ordinates 
was  avoided. 

The  Appendix  is  illustrated  by  Figs.  175  to  191  in  the  letterpress. 
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APPENDIX  II.  TO  SIXTH   KEPORT   TO  THE 
ALLOYS   KESEARCH    COMMITTEE. 

MALLEABLE   IRON  CASTINGS.* 


IJy  Mb.  C.  O.  BAXNISTEK,  As.-ix\  IIuTal  StuooL  uf  Mink. 


For  the  cheap  manufacture  uf  iron  ai  tides  requiring  a  fair 
tunount  of  strength,  it  has  been  found  convenient  to  first  cast  them 
and  then  to  partially  deearburise  the  castings  by  an  oxidizing 
cementation  treutmeut,  thus  producing  a  coating  of  malleable  iron 
over  a  core  of  brittle  cast-iron.  The  articles  thus  made  are  known 
as  malleable  iron  castings,  malleable  iron  or  run  steel.  This  process 
is  specially  useful  for  small  articles  of  intricate  shajHJS.  Fairly 
large  articles,  such  as  propeller  shafts,  etc.,  have  been  made  by  tliis 
process  and  a  subsequent  operation  for  case-hardening. 

Although  this  process  was  described  by  Reaumur  in  1722,  i)atent« 
were  only  taken  out  in  1804  by  Lucas  and  in  ISuO  by  Brown  and 
Lennox. 


*  Part  of  a  Thesw  prt-BCutod  for  the  Honours  ABStiCiatishiii  of  the  Roval 
.School  of  Mluet.  TLui  Thceu  wad  handed  in  by  Sir  Williaiu  BoberU-Aiuteu 
in  October  1901. 
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As  modifications  of  tLe  process,  mention  may  be  made  of  the 
method  proposed  in  1828  by  Karsten,  wliicb  was  to  submit  iron 
castings  to  a  glowing  boat  in  a  ciirrent  of  air ;  and  of  Tunner's  method, 
jn-oposed  in  1840,  wbicb  was  to  expose  iron  castings  to  a  red  beat  in 
boxes  filled  with  sand  and  allowing  a  regular  admission  of  air ;  tbe 
action  in  this  last  method  was  sometimes  aided  by  the  use  of 
substances  which  j^rovided  oxygen,  such  as  haematite,  hammer  scale, 
etc.  Briefly,  the  process,  as  generally  practised,  consists  of  heating 
the  castings  packed  in  haematite  to  a  bright  red  heat  for  several 
days. 

The  castings  of  the  best  Cumberland  white  or  grey  iron  are  made 
in  sand  moulds  with  or  without  chills,  and  packed  with  haematite  in 
iron  boxes.  The  haematite  is  crushed  and  passed  through  a  70-  or 
80-mesh  sieve  and  mixed  with  used  haematite  from  a  previous 
operation,  because  the  fresh  haematite  alone  is  too  vigorous  in  its 
action.  The  mixture  generally  used  consists  of  two-thirds  used  and 
one-third  fresh,  sometimes  a  mixture  of  half  and  half  is  used.  Used 
haematite  is  sometimes  reoxidised  by  the  addition  of  a  little  sal- 
ammoniac  and  spreading  it  out  in  the  open  air. 

The  boxes,  cast  from  a  special  mixture  of  white  iron  and  scrap, 
vary  in  size,  according  to  the  size  of  the  castings  to  be  annealed,  and 
may  have  a  circular  or  rectangular  horizontal  section. 

The  furnaces  consist  of  rectangular  chambers,  with  dome- 
shaped  roofs,  built  in  rows,  each  communicating  with  a  flue  which 
leads  to  a  stack.  The  furnaces  may  be  coal  or  gas-fired ;  the  sketch. 
Fig.  192,  Plate  44,  represents  a  coal-fired  furnace,  such  as  is  generally 
used  in  the  Midlands.  The  middle  portion  of  the  bed  is  raised,  thus, 
providing  two  passages  down  the  sides  for  the  fires.  The  boxes 
containing  the  castings  are  placed  on  this  raised  floor,  three  or  four 
in  each  pile,  the  joints  between  them  being  sealed  with  fire-clay  or 
wheel  swarf,  and  the  top  box  is  completely  covered  with  the  same 
substance.  Each  furnace  holds  from  twelve  to  twenty  boxes.  After 
the  fires  have  been  started,  a  bright  red  heat  (between  IjOOC  C.  or 
1,832°  F.  and  1,100^  C.  or  2,012^  F.)  is  maintained  during  the  day; 
at  night  the  ovens  are  damped  down  and  only  a  dull  red  heat  obtained, 
until  the  fires  are  again  made  up  in  the  morning.     This  heating  goes 
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on  for  MTeral  J^ys,  from  five  to  nine  u  to  tho  mzo  uf  tho 

0««ting8  and  tho  dugreu  uf  ilucarbiirizuti<  '  i  ;  after  tho  furnaces 

hare  boen  allowed  to  coul  fur  uuo  or  two  dayii,  thu  boxes  aro  withdrawn 
aud  unpaeked.  Tho  Uiiddlo  boxes  uf  eiteh  ruw  are  fuund  to  wurlc 
must  oveuly,  and  tlie  luoist  inijKtrtaut  work  iH  uIwuyH  packod  in  ihe»>e. 

Tho  groat  objection,  which  i)roventH  this  j»roco89  from  boin^^ 
much  more  oxtensivelj  utiod,  is  tho  prusenco  of  small  quautities  of 
alag  aud  blow-holes  iu  the  cahtingK,  wliich  greatly  reduce  their 
strength,  introducing  au  element  of  unreliability. 

Much  experimental  work  has  been  done  in  order  to  iuvctitigato 
the  changes  which  take  place  in  the  conii)o8ition  of  the  iron  during 
this  jirocess,  tho  increase  of  strength,  the  most  suitable  cement,  and 
the  correct  time  of  cementation. 

The  most  important  conclusions  arrived  at  are  : — 

1.  A  malleable  casting  always  contains  amorphous  carbon. 

'J.  A  casting  may  lose  carbon  and  still  remain  fragile  if  the 
remaining  carbon  is  not  iu  the  form  of  graphite,  or  if  the  initial 
quantity  of  grajihite  is  not  increased. 

3.  A  casting  may  become  malleublo  without  a  sensible  loss  of 
part  of  its  total  carbon. 

4.  In  general  practice  the  castings  lose  on  the  total  carbon,  and 
some  of  the  combined  carbon  is  converted  into  finely-divided 
graphite  or  temi)er  carbon. 

5.  The  castings  generally  lose  some  sulphur,  which  is  found  in  tho 
haematite  in  such  a  form  as  to  evolve  sulphuretted  hydrogen 
on  treatment  with  acids. 

6.  As  a  rule  the  other  constituents  of  the  castings  are  not  altered 
to  any  appreciable  amount. 

The  following  work  has  been  done  to  show  by  moans  uf  analyses 
and  photo-microgra|'hs  the  changes  which  take  place  during  tho 
operation.  The  preparation  of  the  samples  was  left  in  the  hands  of 
a  practical  man,  so  the  resultf  are  such  as  would  be  obtained  iu 
commercial  objects. 

Fig.  193,  Plate  44,  is  a  photograph  of  a  cross  section  of  the 
original  bar  highly  polished,  etched  aud  magnified  about  three  times. 
The  analysis  of  this  gave  the  following  figures  : — 
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Combined  carb.)n 

Graphitic  carbon 

Sulphur 

Pliosphorus 

Silicon 

Manganese 


2  •  53  per  cent. 

Nil. 

0-36    „      „ 

0-036,,      „ 

0-707,,       „ 

0  185,,       „ 


Fig.  194,  Plate  44,  is  a  plioto-micrograpli  of  the  same  iron 
magnified  1,600  diameters,  and  sliows  cementite  and  confused  pearlite 
or  sorbite.  Sorbite  is  practically  pearlite  in  wLicb  tlie  laminae  have 
not  separated,  and  cementite  is  carbide  of  iron. 

Fig.  195,  Plate  44,  is  a  photograph  of  a  cross  section  of  the  bar 
after  being  annealed  in  haematite,  polished,  etched  and  magnified 
about  three  times.  This  shows  how  the  decarburization  has  taken 
place  from  the  outside,  with  the  formation  of  graphitic  carbon  towards 
the  centre.  The  analysis  from  the  whole  of  a  drilling  through  the 
bar  gave : — 


Combined  carbon 

.     0  •  74  per  cent 

Graphitic  carbon 

.     1-33    „      „ 

Sulphur       .... 

.     0-33    „       „ 

Phosphorus 

.     0-04    „       „ 

Silicon         .... 

.     0-667,,       „ 

Manganese 

.     0-192  „       „ 

Total  carbon 

.     2-07    „       „ 

On  comparing  these  figures  with  those  given  before,  we  find  that 
the  total  carbon  has  been  reduced  from  2  •  53  per  cent,  to  2  •  07  per 
cent.,  that  1  •  33  per  cent,  carbon  originally  in  the  combined  state  has 
been  converted  into  the  graphitic  condition,  that  the  sulphur  has 
been  reduced  by  0*03  per  cent.,  and  that  the  other  constituents  have 
only  slightly  varied. 

The  next  set  of  photographs.  Figs.  196  to  208,  Plates  44  to  46, 
are  a  series  taken  from  the  outside  to  the  centre  of  the  annealed  bar 
magnified  1,600  times,  showing  the  gradual  change  in  the  iron.  The 
graphitic  carbon  is  so  finely  divided  that,  even  at  this  magnification, 
it  is  difficult  to  detect. 
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/  ,  i/  tJu  iVu.<«*. — Th»'  tciiiimrttturo  of  tho  anne«Hnj»  funiaco 
is  cuicluUy  kept  Bomowhow  botwecn  1,000"  C.  (1,83J'  F.)  ami 
1,100*  C.  (2,012°  F.),  and  it  is  a  well-known  and  fully  acceptc*! 
luct  that  at  a  tamiKjraturo  of  1,050^  C.  (1,922"  F.)  oemeutitt- 
t  Fe  ,C )  18  (libsociatcil  into  itti  constituent  clemcnt«  and  prodnoes 
u  solid  solution  of  free  oarhon  in  iron.  Dr.  Stanhflold  *  has  abown 
that  when  cast-iron  is  hiatud  and  allowed  to  cool  slowly  the  carbon 
se]mrat«8  out  as  gruphitc,  being  less  soluble  in  this  form  than 
when  present  in  tho  form  of  cementite.  At  the  annealing 
tomiHTature,  the  cementite  is  dissociated  and  the  graj)hite  is  left 
in  a  very  finely  divided  condition.  The  reason  the  graphite  does 
not  crystallise  is  probably  because :  firstly,  there  is  a  certain 
mechanical  opposition  in  the  mass,  caused  by  the  soiwiration  of  the 
graphite  which  occupies  more  space  in  this  condition  than  it  does 
when  in  solution ;  secondly,  there  was  no  crystalline  graphite 
originally  present  in  the  bar  which  would  have  formed  nuclei  around 
which  more  graphite  could  collect. 

On  referring  to  the  diagram.  Fig.  209,  Plate  47,  showing  the 
distribution  of  carbon  in  tho  annealed  bar,  it  is  found  that  after  a 
certain  point  05  per  cent,  carbon  is  reached,  although  the  graphite 
increases  from  this  point  to  the  centre  of  tho  bar  by  1  per  cent., 
the  combined  carbon  only  increases  by  0-3  per  cent.  The  reason 
the  amount  of  combined  carbon  is  less  near  the  surface  of  the  bar 
is  because  the  mechanical  opposition  to  its  dissociation  is  not  so 
great,  and  therefore  allows  of  the  separation  of  the  graphite  to  a 
greater  extent. 

During  tho  decarburization  of  the  bars  there  are  two  opposite 
actions  continually  at  work.  On  the  one  hand  there  is  the  oxidising 
action  of  the  cement  (in  this  case  haematite)  on  the  outside  of  the 
bars,  oxidising  the  carbon  by  solid  contact,  and  also  by  gaseous 
diffusion  according  to  the  equations  : — 

2  Fe-  O,  +  3  C  =  4  Fe  -f-  3  CO, 

CO,  +  C  =  2  CO. 

Fe,  O,  +  3  CO  =  2  Fo  +  3  Co, 

*  Journal,  Iron  and  Steel  Ii)stitut<>,  IT.  1900,  page  317. 
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thus  producing  iron  free  from  carbon  (ferrite).  On  the  other  hand 
there  is  a  store  of  carbon  towards  the  centre  of  the  bar  in  the  form 
of  non-crjstalline  graphite,  which  is  continually  rccarburizing  this 
ferrite  by  solid  diffusion.  These  actions  continue  as  long  as  a 
temperature  of  1,050°  C.  (1,922°  F.)  is  maintained,  but  on  lowering 
the  temperature  they  cease  and  the  final  product  is  as  shown  in 
Fig.  lU,  Plate  14. 

The  Appendix  is  illustrated  by  Plates  li  to  17, 
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APPExVDIX    III.    TO    SIXTH    REPORT    TO    THE 
ALLOYS    RESEARCH   COMMITTKE.- 

THE   ALLOYS   OF   TIN    AND   ANTIMONY. 


Bt  Ub.  W.  REINDEUS.  op  BuiiA.  Hollahd. 


The  luicrutM^opic  8tructuru  uf  the  tin-autimuuy  alloys  has  already 
boeu  studied  by  Mt-ssrs.  Charpy  t  *u^  Steatl,^  but  a  complete 
frt>eziiig- point  corre  of  these  alloyg  has  nut  been  obtained.  The  one 
determined  by  Mr.  litdaud  (Tosseliu  shows  three  branchee  each 
having  a  uoucaTity  upwards,  which  is  theoretically  impissible,  whilst 
Messrs.  Heyo«x;k  and  Neville  have  ouly  studied  the  first  part  of  the 
curre,  that  is,  alloy  containing  0  to  5  per  cent,  of  antimony.  The 
author  of  this  Appendix  has  determined  their  freexing-point  oorre, 
and  has  repeated  the  reaearches  of  Messrs.  Charpy  and  Stead  beoaoM 
these  were  not  in  aooordanoe  with  the  results  of  the  melting-point 
eorre.  The  freezing  and  recalesoent  points  were  determined  by  the 
method  of  Sir  William  lioberts-Austeu,  using  as  fixed  points  for  the 
temperature  scale  melting  tin,  melting   sine,  boiling   sulphur,  and 

•  Tbu  t'May  wm  haodt^i  in  by  8ir  Williaa  Bokacte-Aoitsn  in  Oolober  1901 
t  -The  Mfltdlogmphuit''  Vol.  I.  1V7.  18M. 

I  "  The  Metallogrmphin."  Vol  IL  No.  4 :  Joaranl.  SoetMy  of  Chrmical 
iDiioatry.  DcoMBber  1888. 
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melting  aluminium,  the  rate  of  cooling  being  so  arranged  that  the 
temperature  fell  from  450°  C.  (842°  F.)  to  150°  C.  (302°  F.)  in  one 
hour.  The  materials  used  for  the  series  of  alloys  were  grain  tin  and 
star  antimony  and  later  chemically  pure  antimony  reduced  from 
tartar  emetic.  In  all  cases  about  70  or  80  grammes  were  used. 
The  results  obtained  are  given  in  the  following  Table  32. 


TABLE   32. 


Percentage  of  Antimony. 

Freezing 
point. 

Recalescent  points. 

0.° 

C.° 

C.° 

0.° 

100 

622 

— 

— 

— 

95 

612 

— 

— 

— 

90 

600 

439 

— 

— 

85 

583 

428 

— 

— 

80 

564 

428 

— 

— 

80 

566 

433 

— 

— 

70 

527 

427 

— 

— 

60 

484 

425 

308 

237 

55 

457 

428 

308 

230 

52 

430 

— 

— 

238 

51 

435 

— 

— 

246 

50 

427 

— 

312 

240 

50 

433 

— 

307 

239 

50 

425 

— 

309 

240 

45 

415 

— 

315 

242 

40 

395 

— 

306 

240 

30 

358 

— 

305 

243 

20 

311 

— 

— 

242 

10 

256 

— 

— 

242 

0 

232 

— 

— 

— 
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Fig.  210,  PUU'  IH,  ^MviH  til  jK.iiit  lurvo.     It  .  1 

four  brauchuH.    Tho  lirHt,  AC,  !>■  lii  pur»  tin,  iii<-itiii^  :^ 

(44y-6  F.),  aud  oiuIh  in  C  at  2iS°  (469  40  F.)  with  8  p«r  .  ■  i 
uf  autiiuony.*  A  outuctie  ]M)iut,  l«iwur  thau  the  itiultiu^  point  of  tiu, 
(lou8  uot  uxist  Tho  siualleMt  uJditiou  of  autiiuouy  to  tiu  raitiw  the 
mvltiug  poiut.  The  cryntalH  which  Muparatu  ahaig  this  curvo  aro 
uot  puru  tiu,  but  au  isitmorphous  mixture  of  tiu  aud  autimouy. 
The  couDtitutioii  of  thu8o  c-rystalii,  indicate*!  by  the  |><nnt8  on  the 
curve  A  F,  will  vary  with  tho  conHlitutiou  of  tho  duid  from  which 
they  crystallised,  aud  will  at  tho  same  time  ooutaiu  more  autimuuy 
thau  the  liijuid  docH.  According  to  a  determination  of  Mr.  van 
Bijlertf  a  duid  coutaiuiug  4'6.'{  [HiT  cent,  of  antimony  gives  cryHtab 
coutaiuing  6  *  3  per  cent  Assuuiing  that  the  didereuce  in  couceutration 
between  the  fluid  aud  the  crystals  is  proportional  to  the  percentage  of 
antimony,  those  with  the  highest  possible  percentage  of  autimouy  (F) 
which  crystallise  at  C  would  contain  11  per  cent,  of  antimony. 

At  C  begins  the  second  branch  C  D,  w  hich  is  considerably  steeper 
than  the  first.  The  crystals  which  separate  aloug  this  branch  an.-  a 
chemical  compound  of  tin  and  antimony.  They  are  beautifully  formed 
cubes  aud  can  be  seen  ver\  well  iu  the  polished  surface  of  au  alloy 
coutaiuiug  10  per  cent,  of  antimony.  They  are  lighter  thau  the 
fluid  from  which  they  sejtarate,  so  that  they  accumulate  at  the 
upper  part  of  the  solidified  metal.  Ou  etching  this  surface  with 
dilute  nitric  acid,  these  crystals  appear  as  little  glittering  squares 
embedded  in  a  dark  field,  as  shown  in  Fig.  212,  Plate  49.  This  dark 
field  has  the  same  appearance  and  structure  as  pure  tiu  when  treated 
iu  the  same  manner.  It  consists  of  the  tin-antimony  mixed  crystals, 
which  were  formed  when  the  fluid  reached  the  poiut  C.  The 
glittering  cubes  have  been  isolated  by  Stead  ^  out  of  uu  alloy  with 
lU  to  3U  per  cent,  of  antimony,  lie  has  made  an  analysis  of  them, 
and  found  they  contain  51  *  44  per  cent  of  antimony,  and  he  therefore 


*  Tb«  beginuing  uf  tbu  curve  ha*  bMB  oarefully  deterruiiiLHl  by   MfHtfH. 
lieyoock  and  Neville.     Jourual,  Ibumioal  Soeiety.  :v.>>>  ( IK'.Ml  .  |.a,'c-  Ml 
t  ZeiUcbnft   fiir  Pbyuk  Cbem..  8,  357. 
J  "Tlif  MetalkHrrapblut,"  Vol.  II.  No.  4. 
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assigned  to  them  the  formula  Sn  Sb  (theoretically  50 '5  per  cent,  ol 
antimony);  Behrens  *  has  also  isolated  these  cubes.  His  analysis, 
however,  gave  33 '7  per  cent,  of  antimony,  which  corresponds  with 
the  formula  Sng  Sb.  It  is  a  dijfficult  matter  to  decide  which  is  the 
true  value,  as  the  errors  in  the  method  of  isolation  are  probably  large 
enough  to  account  for  such  differences  of  aualysis.f 

\\  hen  the  alloys  contain  more  than  20  per  cent,  of  antimony, 
the  30oliug  curves  show  three  retardations  during  cooling. 

The  first  and  the  third  are  always  well  marked,  but  the  second 
is  very  feeble,  and  occurs  at  a  temperature  of  309^  C.  and  gives  the 
point  D,  Fig.  210,  Plate  48,  where  the  third  branch  D  E  begins. 
The  percentage  of  antimony  is  here  about  20.  The  crystals  which 
separate  along  the  branch  D  E  could  not  be  well  discerned  in  the 
sections  of  alloys  with  30  and  40  per  cent,  of  antimony.  The  cross 
section  contained  a  number  of  crystals  which  were  generally  larger 
than  those  in  the  lower  alloys,  whilst  here  and  there  they  were 
arranged  in  trains  which  intersected  in  an  acute  angle  ;  in  most 
cases  the  cubes  of  the  curve  D  C  could  be  well  discerned. 

In  the  50  per  cent,  alloy  the  crystals  have  again  a  definite  form. 
They  are,  as  Stead  says,  thick  plates  which  fill  almost  the  whole 
section.  Between  them  is  the  black  mass  consisting  of  an 
isomorphous  mixture  of  tin  with  antimony.  Cubes  are  totally 
absent.  The  general  toughness  of  tin  is  gradually  lost  by  adding 
antimony  to  the  alloys  with  more  than  10  per  cent,  antimony,  and 
the  50  per  cent,  alloy  is  brittle  and  much  harder  than  tin.  The 
maximum  point  of  the  curve  D  E,  indicating  the  constitution  of  the 
compound  which  crystallises  in  plates,  lies  above  the  point  E,  where 
the  third  and  fourth  branches  intersect  at  430°  C.  (806'^'  F,)  and  51  per 
cent,  antimony.  The  plates  contain  therefore  more  than  51  per  cent, 
antimony  and  correspond  probably  to  Sn^  Sbg  (55*6  per  cent.  Sb). 


*  Verslagen  Kon.  Acad.  v.  Wetenschappen  te  Amsterdam,  25  Juni,  1898, 
page  58. 

t  In  the  meantime,  Mr.  van  Eijk  (Proc.  Kon.  Akad.  Wttenschappen  te 
Amsterdam,  1902,  859)  has  succeeded,  by  centrifuging  at  270°  C,  in  nearly 
separating  the  whole  of  the  crystals  from  the  fluid.  His  analysis  gave  32-5  per 
cent,  of  antimony. 
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Tliu  ciinrr  R  R  uikIm  in  H,  tin-  frui^ziii^  jxiiut  nf  puru  aiitiiiiouy. 
PmUibly  tho  cryittalH  whii-L  fro<  zo  aloug  Uuh  curvo  are  uot  pure 
antiiuonj,  but  ooutaiu  b«>iuo  tiu  in  solid  Boliitiuii,  thu  perc-ouUgo  of 
which  varieti  with  the  cuustitutiou  of  the  liquid. 

Au  ttUoy  of  CO  {>er  cunt,  untimouy  showK  four  rotardation  ]X)int«. 
iho  first  at  481°  C.  ('.tO:{-2'  F.)  and  specially  tho  mooud  one  at 
430'  C.  (806  F.)  ar«  well  marked,  the  third  and  fourth  at 
:nO"  ('.  (5«»0  F.)  and  --'43°  C.  (469-4  F.)  respectively  an-  vory 
foeble.  In  the  section  of  this  alloy  three  ditferent  bodies  luay 
l*e  seen.  First,  long  needles  with  rounded  edges  ;  they  are  a  little 
browned  by  etching  with  dilute  nitric  acid,  and  project  most  from 
the  field.  The  space  between  them  is  occupie*!  by  the  thick  plates 
of  the  50  i<er  cent,  alloy,  which  arc  ^eparateil  by  thin  black  lines  of 
the  tin  crystals.  The  rounded  edges  of  the  long  needier,  which 
will  be  the  antimony  crystals,  show  that  they  are  inclined  to 
dissolve  when  the  point  E  is  reached  and  the  thick  plates  can  be 
formed  ;  just  as  a  salt  hydrate  with  less  water  dissolves  again  when 
a  transition  point  is  reached,  so  that  the  solution  from  which  it  has 
scjiarated  at  a  higher  temperature  can  deposit  a  hydrate  with  more 
water. 

This  transformation  of  the  fluid  £  with  the  antimony  crystals  J 
into  the  compound  M  ought  to  take  place  at  the  constant  temperature 
of  430°  C.  (806  F.),  till  either  the  fluid  or  the  crystals  J  had  totally 
vanished.  In  the  case  of  the  00  per  cent  alloy  the  fluid  £  ought  to 
disappear,  so  that  the  solidified  mass  would  oousist  of  a  mixture  of 
the  crystals  N  and  crystals  of  the  antimony  type.  The  fact  that 
between  the  thick  plates  of  the  comi>ouud  N  the  black  lines  of  the 
tin  crystals  were  visible,  and  that  the  cooling  curve  shows  the 
points  D  and  C  proves  that  the  transformation  at  430°  C.  (806°  F.) 
was  not  total.  The  rate  of  cooling  was  too  fast ;  only  by  very  slow 
cooling  would  the  real  equilibrium  have  been  reached. 

In  alloys  containing  more  than  60  per  cent,  of  Sb,  the  points  D 
and  C  disap|>ear  in  the  co<ding  curves.  In  the  |>olished  sections  the 
long  needles  grow  longer,  and  more  and  more  resemble  the  dendritic 
crystals  of  pure  antimony.  It  was  very  diflicult  to  obtain  a  good 
sec-tion  of  these  alloys,  because  the  metal  is  very  brittle,  and,  on 
polishing,  the  crystals  of  tlie  antimony  type  fall  out  of  the  surface. 
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Crystals  other  than  those  described  were,  however,  not  observed, 
nor  did  the  freezing-point  curve  give  any  indication  of  such,  so  that 
the  following  conclusion  is  reached  : — 

Tin  and  antimony  can  form  two  isomorphous  mixtures,  one  of  the 
tin  type,  containing  a  maximum  of  11  per  cent,  antimony;  another 
of  the  antimony  type,  containing  an  unknown  quantity  of  tin. 

Furthermore,  they  form  two  compounds,  one  crystallising  in 
little  cubes,  which  have  the  constitution  Sn2  Sb  ;  another,  appearing 
in  thick  plates,  having  probably  the  formula  Sn^  Sb^. 

The  Appendix  is  illustrated  by  Plates  48  and  49. 


A  further  Appendix  on  "  The  Effect  of  Strain  and  Annealing," 
by  Dr.  William  Campbell,  was  selected  by  the  Council  to  be  read 
at  the  Joint  Meeting  with  the  American  Society  of  Mechanical 
Engineers  in  Chicago,  and  will  be  published  in  Part  3  of  the 
Proceedings  1904. 
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PROCEEDINGS. 

Fkbhiaut  1904. 


The  FxKTT-SKVKHTn  A!»MCAL  Qenkual  Mcktisg  was  belJ  at  the 
lustitutiun  on  Friday,  I'Jth  February  TJOi,  at  Kight  o'clock  p.m.; 
J.  Uabtlkt  Wicrstikd,  Esq.,  President,  in  iLe  chair. 

The  Minutes  of  the  previous  Meeting  vrere  read  and  confirmed. 

The  following  Annual  Report  of  the  Council  was  then  read  :  — 
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ANNUAL  REPORT  OF  THE  COUNCIL 

roil  THE  YKAii  rj03. 

The  Ciiuucil  have  tlio  jtlc-asiirc  t«f  jtreseiitiiig  to  the  Meiubtrs  the 
following  li«|K»rt  of  tht-  i>r.>|^'rc'ss  utnl  work  of  the  Iiistitiititm  <ltiriiig 
the  pAst  yeiir. 

I)nriug  the  year  the  foUowiug  liouours  have  been  conferred  ujK>n 
Members  of  the  luhtitutiou.  His  Majesty  the  King  hiw  create*! 
Mr.  Charles  Sauilifonl.  of  Mombasa,  a  Compauiou  of  the  Order  of  the 
Bath  ;  and  Rai  Bahadur  (liinga  Kani,  of  tlie  Punjaub,  a  Companion 
of  the  Order  of  the  Indian  Empire. 

The  total  number  in  all  classes  on  the  roll  of  the  Institution  at 
the  end  of  1903  was  -l/Jll,  as  compared  with  3,H92  at  the  end  of  the 
previous  year,  showing  a  net  gain  of  31 'J,  as  against  the  gains  of  "238, 
243,  325,  and  402  successively  during  the  four  preceding  years 
since  the  Institution  took  possession  of  its  new  House  at  the  beginning 
of  1h9'.».  During  the  past  year  4'Jl  candidates  wore  elected,  of 
whom  47  were  formerly  Graduates  ;  1  Member  was  re-instated,  and 
3  elections  became  void,  thus  making  442  names  abided  to  the 
register.  The  total  deductions  have  been  12;S,  made  up  of  4C  deceases 
during  1902  (see  Report  of  1902),  45  resignations  which  took  effuct 
on  Ist  January  1903,  and  32  removals. 

While  the  rate  of  progress  has  nut  been  so  high  as  in  1902,  the 
net  increase  in  the  membership  of  8^  per  cent,  must  be  regarded  as 
very  satisfactory. 
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TLo  following  fifty  Deceases  of  Members  of  the  Institution  were 
reported  during  the  year  1903  : — 


Apams,  Cuaulks  ■\Vili.iam  (Aasociiitc  Member), 
AsTBURY,  James,  ...... 

Bates,  Henry,      .         .       '. 

Booth,  John  William,  .... 

Bkamwell,  Sir  Frederick  JosErii,  Bart.,  D.C.L.,  LL.D., 

F.R.S., 

Bkuxel,  Henry  jMaro,  ..... 

IU:£mer,  Johx,      ...... 

Cameron,  Robert  Barr  (Associate  Member),  . 

COCIIKAXE,  W^ILLIAM,        ..... 

Cook,  CnARt-E?,     ...... 

Davis,  Rayner,  R.N.,    ..... 

Davy,  David,        .         .         .         .         . 

Downey,  Alfred  C,     .         .         .         •         • 
Dubs,  Charles  Ralph,  ..... 

FouLis,  "William,  .         .         .         .         . 

Fox,  Samson,        ...... 

Hargreaves,  John  Henry,    .... 

Holt,  Henry  Percy,     ..... 

Humphrey-Moore,  Montague  George  Alfred  (Associate 
jMember),  ..... 

Humpldge,  James  Dickerson, 

James,  Arthur  William,       .... 

James,  A'ictor  Augustus  Mei-ham  (Associate  IMember), 
Joy,  David,  ...... 

Lea,  William  Arthur,  .... 

Lee,  CutiibepvT  Ridley,  .       •  . 

Lloyd,  George  Braituwaite, 

Lovell,  Denis  Ralph, 

JIactear,  James,  F.R.S.E.,  .... 
Marshall,  Francis  Carr,  .... 
Moore,  Joseph  (deceased  1901), 

Nash,  Thomas, 

O'Connor,  Charles, 

Parker,  Thomas, 

Pearson,  Henry  William,    .... 

Penn,  John,  M.P., 

Percy,  Cornelius  McLeod,   .... 
Price,  Charles  Graham,       .      ^  . 
Raiarel,  Frederic  William. 


London. 
Birmingham. 
Salford. 
Leeds. 

London. 

London. 

Ncwcastle-on-T3Mie. 

Brighton. 

Ncwcastle-on-Tyne. 

London. 

H.M.S.  "Coquette." 

Sheffield. 

Bliddlcsbrough. 

Glasgow. 

Glasgow. 

Leeds. 

Bolton. 

London. 

London. 

Stroud,  Glos. 

Calcutta. 

London. 

Jjondon. 

IMexico. 

Loudon. 

Birmingham. 

11  io  de  Janeiro. 

London. 

Newcastle-on-T  }•  nc . 

Sai\  Francisco. 

Sheffield. 

Liverpool. 

Gorton. 

Bristol. 

London. 

Wigan. 

Wimbledon. 

Newport,  Mon, 
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IVwrr.  PHKOBntrs  WuiTAEm.  Rtneki>i«r1. 

Sunm,  I.iovrt  Liscolm  (Amth-mU'  Mciubvr).  .                       Wtj<>Iwioh. 

8TAXUKK,  William  IlAiiitr.  Ix^ndon. 

TiiOMitiiN.  Jamm  McIntvki.  Tarboltun. 

TlKv                  s.  Jcs..  QLugnw. 

Wai  I                   I .  Ixmtluii 

WaThox,  J«ihm  Wauokv,         ...  Ix>D<loii. 

WilEELKB,  (iSOIMK  rZZUII  (.Vaxtuiiito  McUilM-r).  CMfO  T<iWU. 

WlLaoN,  John  Cuaki.ba  (Jrant,       ...  Manila. 

WiLsov.  >Vii  UAU  Hknkt  (dfc<»M<Hl  I1K)2),  "^I   I    '    -ur. 

WHKsai,  Joiis  Mkiivyx.         ....  I    ;..  ..\. 

Waii.uT,  WiLUAv,  lx»ndon. 

Of  these,  Sir  Frederick  Urainwcll  was  elocUxl  a  Member  in  1851, 
Meml>er  of  Council  in  18G1,  and  Pregidont  in  1874  and  1875  ;  Mr. 
Francis  C  Marshall  was  elected  Member  «f  Council  in  lM82,  and 
a  Vice-President  in  189G ;  and  Mr,  George  B.  Lloyd  had  boon  a 
Member  from  1854. 

The  Accounts  for  the  year  ended  31  December  1903  are  now 
Bubmitted  (see  pages  22 1-227  and  228),  having  been  duly  certified  by 
Mr.  Robert  A.  McLean,  F.C.A.,  the  Auditor  appoint^l  by  the  Membcrg 
at  the  last  Annual  General  Meeting. 

The  total  revenue  for  the  year  1903  was  £10.848  15*.  4(/.,  while 
the  expenditure  was  £10,605  2«.  3</.,  leaving  a  balance  of  revenue 
over  expenditure  of  £243  13«.  IJ.,  exclusive  of  Entrance  Fees  £r»2:{ 
and  Life  Comjwsitions  £50  carried  direct  to  Capital  Account.  The 
financial  position  of  the  Institution  at  the  end  of  the  year  is  shown 
by  the  lialance  sheet.  The  tot^il  investments  and  other  assets  amount 
to  £70,782  15«.  Oil,  and,  deducting  therefrom  the  £25,000  of 
debentures  and  the  total  remaining  liabilities,  £2,034  0$.  5</.,  the 
capital  of  the  Institution  amounts  to  £43,748  C«.  Ad.,  including  the 
14,470  L.  and  N.  AV.  Railway  3  jwr  cent,  and  the  £2,000  3Iidland 
Railway  2.|^  per  cent.  DeW-nture  Stocks  set  aside  as  the  nucleus  for 
a  Leasehold  and  Debenture  Redemption  Fund.  The  remaining 
investments  consist  of  £1,945  12*.  Midland  Railway  2\  per  cent. 
Debenture  Stock  and  £1,000  Constds  (2\j  per  cent).  The  certificat«« 
of  the  securities  have  been  duly  audited  by  the  Finance  Committee 
and  the  Auditor. 
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The  Sixth  Report  of  the  Alloys  Research  Committee,  of  which 
Sir  William  H.  White  is  the  Chairman,  has  heea  completed.  It 
deals  with  the  experiments  made,  under  the  late  Sir  William  Roherts- 
Austen's  direction,  on  the  Tempering  and  Annealing  of  Steel,  by  Mr. 
William  H.  Merrctt,  who  for  eight  years  has  been  intimately  associated, 
both  at  the  Royal  Mint  and  at  the  Royal  School  of  Mines,  Avith  the 
work  of  the  Committee,  and  by  others.  At  the  request  of  the 
Committee,  the  Report  has  been  completed  by  Professor  Gowland, 
to  whom,  as  well  as  to  all  who  have  rendered  valuable  aid  in  the 
investigations,  the  Council  desire  to  eijH-ess  their  great  indebtedness. 

The  four  Appendices  by  Dr.  Stansfield,  Dr.  Reinders,  Dr. 
Campbell,  and  Mr.  Bannister,  consist  of  summaries  of  fuller  Reports, 
which  were  handed  in  by  the  late  Sir  William  Roberts-Austen 
shortly  before  his  death. 

Notwithstanding  that  the  services  of  those  who  have  organised 
the  experiments  have  been  gratuitous,  the  expenditure  by  the 
Institution  upon  this  Research,  since  the  formation  of  the  Committee 
in  October  1889,  has  exceeded  £1,800. 

The  First  Report  to  the  Steam-Engine  Research  Committee,  by 
Professor  D.  S.  Capper,  has  been  received,  and  will  shortly  be 
presented  at  a  Meeting  of  the  Institution.  Mr.  William  H.  Maw  has 
been  elected  Chairman  in  succession  to  the  late  Mr.  Bryan  Donkin  ; 
and  the  names  of  Mr.  Henry  Davey  and  Captain  H.  Riall  Sankey 
have  been  added  to  the  Committee. 

Professor  Burstall  reports  that  the  100  B.H.P.  gas-engine,  which 
has  been  designed  for  experimental  work  in  connection  with  the 
Gas-Engine  Research  Committee  under  the  Chairmanship  of  Dr* 
Kennedy,  is  now  ready  to  be  tested  at  the  works. 

Professor  T.  Hudson  Beare,  the  Reporter  to  the  Committee  on  the 
Value  of  the  Steam  Jacket,  carried  out  during  the  summer  and  autumn 
a  number  of  experiments  with  the  experimental  jacketed  vessel ;  the 
results  obtained  are  now  being  worked  out,  and  further  experiments  are 
in  jjnigress.  Xe  .v,  and  it  is  hoped  more  satisfactory,  valve  arrangements 
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for  adiuittiug  tlio  steaiu  to  and  eihaiuting  it  from  tlio  experiiueiitAl 
T«wt»U  ar»<  now  boing  dc«i|rn(Hl  by  Pnifrwor  iJmrti  ami  tlio 
rhairnmii,  Mr.  Ilcnry  l>uvoy. 

The  Council  dtsiro  to  roconl  their  thanki  to  member*  and  olLem 
who  have  given  new  bookg  to  the  Library;  also  to  the  donom  of 
rarious  publicatiouu  of  Kocietie8  and  Public  Authoritioti,  and  of 
technical  jjeriodimls,  of  which  a  lint  appears  on  pagea  228  to  'JIO. 

The  Rcferenoe  Section  of  the  Library,  couKiiiting  of  about  4,000 
Books  and  Pamphlets,  has  now  been  re  arranged  in  subject  order 
uj»ou  tlio  lihelvua  according  to  the  Dewey  decimal  system,  which 
will  be  found  an  imj)rovetiuiit  upon  the  method  previously  in  use. 

The  annual  Summer  Meeting  was  held  iu  Leeds,  and  was 
attended  by  considerably  over  400  members.  They  were  receive*!  by 
the  Lord  Mayor,  who  entertained  them  at  the  Municipal  Buildings. 
InUresting  Papers,  contributed  by  local  members  and  others,  were 
followed  by  keen  discussions. 

A  local  committee,  presided  over  by  Mr.  Artlmr  Greenw<od, 
arranged  visits  to  the  works  of  the  neighbourhood,  including 
Wukefield,  and  entertained  the  members  hospitably  each  day. 
Mr.  E.  Kitson  Clark  and  Mr.  Christopher  W.  James  acted  as 
Honorary  Local  Secretaries,  and  subsequently  conducted  large  parties 
to  Bipon  and  to  York. 

Monthly  Meetings  of  the  Institution  were  held  throughout  the 
year,  with  the  exception  of  May  to  September.  These  meetings,  with 
the  Leeds  Meeting,  were  occupied  with  the  reading  and  discussion 
of  the  following  Papers  : — 

<  utting  Angles  of  Tof.ls  for  Metal  Work,  at  afftjctiag  Speed  aud  Feed  ;  by  Mr. 

H.  F.  DoaaldaoD. 
HjdraDlto  ExperimenU  oo  a  Plunptr  Pump;  by  Profeaior  John  (ioodmaD. 
A  Prt-mium  8y»Utu  applied  to  Engineeriug  Workabopa ;  by  S!r.  James  Rowao. 
Addreaa  bj  the  Pr«aident,  Mr.  J.  Hartley  Wiokateed. 
The  EdooationofEDgineen  in  America.  Germany,  and  Switserland ;  by  Prt><^«or 

W.  E  Dalby. 
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The  Diesel  Engine  ;  by  Mr.  II.  Ade  Clark. 

Notes  on  High-Speed  Tool-Steels  ;  by  Mr.  Henry  H.  Suplee. 

A  new  form  of  Friction  Clutch :  by  Professor  H.  S.  Hele-Shaw,  LL.D.,  F.E.S. 

Et'onomy  of  Fuel  in  Electric  Generating  Stations;  by  Mr.  Henry  McLaren, 

The  Newcomen  Engine ;  by  Mr.  Henry  Davey. 

Roofing  existing  Shops  while  Work  is  proceeding ;  by  Mr.  R.  H.  Fowler. 

Experiments  on  the  Efficiency   of  Centrifugal  Pumps ;    by  Mr.   Thomas  E. 

Stanton,  D.Sc. 
An  Inquiry  into  the  working  of  various  Water-Softeners ;  by  Mr.  C.  E.  Stromeyer, 

and  Mr.  W.  B.  Baron. 

The  Graduates  Iiave  held  monthly  Meetings,  and  have  made 
several  Visits  to  Works,  including  an  excursion  to  Southampton  and 
Eastleigh.  The  attendance  has  been  satisfactory,  and  each  Meeting 
was  presided  over  by  a  Member  of  Council  or  other  prominent 
Member  of  the  Institution,  The  following  Papers  were  read  and 
discussed : — 

Some  Notes  on  the  Locomotive ;  by  Mr.  James  McGregor. 

The  Construction,  Lighting,  and  Ventilation  of  Cotton  Mills ;  by  Mr.  Frank 

Wilkinson. 
Automatic  Couplers;  by  Mr.  F.  C.  Hibberd. 
Deep-Well  Pumping  Machinery ;  by  Mr.  W.  P.  Gauvain. 
The  Deterioration  of  Steam  Boilers  :  by  Mr.  H.  M,  Warner. 
Grabs ;  by  Mr.  F.  W.  Howl. 

The  Papers  by  Mr.  Gauvain  and  Mr.  Hibberd  have  gained 
prizes  from  the  Council,  and  will  be  published  in  the  Proceedings.* 

At  the  February  Meeting  of  the  Graduates,  Dr.  E.  T.  Glazebrook, 
F.E.S.,  delivered  a  lecture  on  "The  National  Physical  Laboratory 
and  its  Eelation  to  Engineering,"  illustrated  by  lantern  slides. 

The  Engineering  Standards  Committee  have  held  freq[uent 
meetings  during  the  year,  and  have  published  four  Eeports  relating  to 
Standard  sizes  for  EoUed  Sections  and  Beams.  The  Council  have 
handed  over  to  this  Committee  the  further  investigation  relating  to 
the  Standardization  of  Pipe  Flanges,  which  subject  is  now  being 

•  Proceedings  1903,  Part  4,  pages  887  and  899. 
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dealt   with    liy   a   Sub-Coiniuittoo    of    the    Eupineeriug   StAn<lardi 
Committer,  with  Mr.  "William  II.  Maw  as  Chairiuan. 

A  conlial  invitation  from  tho  American  Society  of  Mechanical 
Eugiucers  to  hoKl  a  juiut  meeting  iu  Chicago,  with  a  view  to 
Kub8e<juently  visiting  tho  St.  Louis  Exhibition,  has  Injon  acceptod 
by  the  Council  on  behalf  of  the  Members. 

Tho  result  of  tho  Ballot  for  the  election  of  President,  two  Vico- 
Presideuts,  and  seven  Members  of  Council,  to  fill  the  vacancies 
caused  by  retirement,  will  be  announced  at  the  Annual  General 
Meeting. 
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Dr.        ACCOUNT  OF  EXPENDITURE  AND  REVENUE 

Expenditure. 

£       s.  d.        £     «.   d. 
To  Expenses  of  Maintenance  and  Management  — 

Salaries  and  Wages 2,71719  9 

Postages,  Telegrams,  and  Telephone     .      .      .       .58")     4  7 

Heating,  Lighting,  and  Power 1(!'2     2  2 

Fittings  a7id  Pepairs ]()()  IS  1 

Housekeeping 140  15  9 

Incidental  Expenses 01  17  I! 

3,768  17     7 

,,  Printing,  Stationery,  and  Binding — 

Printing  and  Engracing  Proceedings  .  .  .  l,r)8S  1  0 
Stationery  and  it eneral  Printing  .  .  .  (314  12  1 
Binding 01  10    5 

2,204     9     G 

,,  Rent.  Rates,  Taxes,  &c. — 

Ground  Pent 875  17     2 

Rates  and  Taxes 921  17     8 

Insurance :i:3     4     0 

■ 1,8:50  18  10 

,,  Meeting  Expenses — 

Printing 329     4     1 

Reporting 54  12     S 

Travelling  and  Incidental  Expenses      ,      .      .       129  12     7 

513     9     4 

.,  Conversazione 180  10     2 

.,  Dinner  Expenses 47     0     2 

.,  Graduates'  Prizes 9     6     0 

.,  Books  purchased 15  13    7 

,,  Law  Charges 880 

,,  Engineering  Standards  Committee 100     0     0 

,,  Expenses  in  connection  with  Research  Committees    ....         92     2     6 

..  Re-wiring  Institution  Building,  nnd  additional  Fillings       .      .       707  IS     7 
,.  Depreciation  on  Furniture  and  Fittings 63    5     1 

„  Debenture  Interest 1,000    0    0 

,,  Interest  on  Bank  overdraft 3    2    5 

Total  Expenditure 10,605    2    3 

,,  Balance,  being  excess  of  Revenue  over  Expenditure  (exclusive 
of  Entrance  Fees  £523,  and  Life  Compositions  £50, 
carried  to  Capital  Account),  carried  to  Balance  Sheet         .       243  13    1 

£10,848  15    4 
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FOB  THE  YEAR  ENDED  SUt  DECEMBER  1003.  Cr. 

Br  BoWriptioM  for  190:j  '♦'•"="  *®    " 

„    KaliiunUHl    vnhi«>  of  ^ul.e.■rllal  im   .11   ur  « iif  (Wn^;  £  ,  J. 

ftfual  to  the  iivu'uut  rcitfA  lu  iMi-  )      •       •  **-^  •<*  ^ 
^JJ  diff»r«'n«v  U-twi-cn  «»lmiutod  vnluf  in  lout 

»«>c«uiit  »n>l  actual  rocfipU  in  r*":^  .      .      .      .  Tl  M  <• 


lDU>re«t,  4c. — 


Intome  Tax  n/uiuUd 


BeporU  of  Prooeeding* — 
Kxtra  Oopim  mid    . 


1.1  15    :. 
i:.l   17  11 


l<-.4     1     5 


Debenture  Transfer  Ftcb       ...  0     5    0 


£10,848  15    4 
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Dr.  BALANCE  SHEET 

£     «.    d. 

To  Debentures — 

250  of  £100  each  at  i%,  redeemable  in  1917,  or  at  par  at  any 

date  after  1st  Jati.  1908,  on  six  months'  notice  to  holder  25,000     0     0 

„  Sundry  Creditors —        -  £        s.    d. 

Accoiint!<  oicing  nt  ^\st  Dec.  1903  (^dnce  paid)  .     1 ,705     3     2 
Unclaimed    iJehenture    Interest    {coupons    not 

presented) IIG    C    15 

1,881     9     5 

„   Subscriptions  paid  in  advance 15:]     0     0 

„   Capital  of  the  Institution  : — 

Balance  at -^Id  Dec.  Idiil 39,474     G     2 

Deduct — 

Further  amount  set  aside  for  Redemption 
of  Debentures  and  Institution's  Leasehold 
Propertij,  being  cost  of  £2,000  Midland 
Ily.  2^%  Debenture  Stock         .      .      .      .     1,306     G     7 

38,1G7  19    7 
Add  :— 

Excess    of   Revenue     over    Expenditure 

for  the  year  ended  Zlst  Dec.  1903  .      .         243  13     1 
Amount  received  from  Life  Compositions 

during  1903 50     0     0 

Amount    received   from    Entrance   Fees 

dtiring  1903 523     0     0 

38,984  12     8 

Amou7it  invested  in  £4,470  London  and 
North  Western  Ry.  3%  Debenture  Stock, 
and  £2,000  Midland  Ry.  2J%  Debenture 
Stock,  u-ith  interest  thereon,  set  aside  for 
Redemption  of  Debentures  and  Institution's 

Leaseliold  Property,  see  contra 4,763  13     8 

(The  Market  Value  of  these  investments  and 
interest  at  3lst  Dec.ld03u>asabout£5,S96.)  ^,^^ 


£70,782  15     9 


Signed  by  the  following  members  of  the  Finance  Committee  : — 


E.  B.  ELLINGTON, 
B.  BAKER, 
HENRY  CHAPMAN, 
H.  GRAHAM  HAREIS. 


Ytn.  1904. 


▲  MNDAL    UCruUT. 
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AT  8l8T  DECEMBER  1903. 


CV. 


U)  Cash—  £     $.    d.  i       »    d. 

In  I'diou  v{  I.diuluii  and  Sraitba  Batik     210  17    7 

7.M4  cUeijue  iiuUtnndin^'  II   I'J     ti      t'      *.     </. 

TM    5     1 

la  tlie  SMrntirj'a  hamla         ....  'i'A  12    U 

201   17  10 

..  iDTOrtmentB tW     2,4ul     8     7 

£ 
1.945  12a.  Midland  liy.  2^%  Deleidurt  Stuck. 

1,000  2§'^  a»n«o/i. 

The  Marl-el  Value  of  these  iiin$tmera$  at  31»/  Dee.  1D03  uxu 

aUmt  i:2,3'.i7  11*.  4  J. 

„   Inreetment  of  Amount  set  oeide  for  Rtxlemptiou  uf  Debentures 

and  Institution'^  Leasehold  Property,  •<■«  ooft/ra        .      .      .     4,703   13     8 

i^4,470  Ijondon  and  North  Western  lltj.  3'o  Debenture  Stock, 

and  £2,000  Midland   Ity.   'Jj;^   DebetUitre   Stock,   eo$t 

£l,tiJU    lit*.    '2d.  tcith  103  14».  0*1.  balance  of  interett 

iJkerton  to  be  inretled. 

These  investment*  tcith  their  accumulatimj  interest  are   set 

aside  for  the  uLoce  purpose. 

.,   Subscriptions  iu  Arrear,  estimated  talue  {being  equal  to  tlie 

amount  rtceiced  during  I'JOit) 427   10     0 

..    Furniture  and  Fittings  (/«•«  ti<r/)r«««a/(oH) l,20l    10     7 

.,  books  in  Library,  Drawings,  Engravings,  Models,  Specimens, 

and  Sculpture  («/i/nu<«  o/ 1893) 1,340     0     0 

..    Amount   in   Union  uf  London   and   Smiths    Bank  to  meet 

unclaimed  Debenture  Interest  (rou/wna  ntV  j>rr««ri/r(/)  .      .         116     0     3 

..    Proceedings — Bt<x-k  of  buck  numbern,  not  lulufd. 

„    Institution  House    .  Cott    00,270    2  10 


£70,782  15     0 


I   cerlily   thul    all  uiv    re>j»ir«  lutiits  a^  Auditor  :   witl., 

mid  I  n-port  to  the  Membira  that  I  have  audited  tin-  dated 

the  31bI  December  H»03,  and  iu  my  opinion  euch  L.ai»uii  .^n. .  i  i.i  |  iojKiily 
drawn  up  Hud  exhibits  a  truu  uud  correct  view  of  the  state  of  the  afloixs  of  tiie 
In&tilutiou  as  shown  bv  its  liookn. 

liOBT   A    McI.KAN,  FC.A, 
AuiiUvr, 
\Uh  January  11)04.  1  Quein  Victoria  Slfctt,  London,  E.C. 
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WILLANS  PKEMIUM  FUND. 

Investment  £159  8«.  5(7.  of  India  3%  Stock      ....      cost    £1G5    5s.     Orf. 

Br. 

£   f.    d. 
To  Balance,  held  in  trust     .  It     (>    n        By  Interest,  1901  . 
{To    be    awarded    hxj   the  „        „         1902  . 

Institution  of  Electrical  „        „         1903. 

Engineers  in  1004.) 

£14     G     0 


Or. 

£.     8. 

d. 

.       4  15 

4 

.       4  15 

4 

1  15 

4 

£14     C 

0 

Audited,  certified,  and  signed  by  the  names  on  pages  22tJ-2*J7. 
(For  the  Declaration  of  Triist,  see  Proceedings  1901,  page  16.) 


LIST  OF  DONATIONS  TO  THE  LIBRARY. 


BOOKS  (in  order  received). 

Designing  and  Equipment  of  Blast  Furnaces,  by  John  L.  Stevenson ;  from 

the  author. 
Briquettes  and  Patent  Fuel,  by  Philip  R.  Bjorling  ;  from  the  publishers. 
"Wcll-Boring  for  Water,  Brine,  and   Oil,  by  C.  Isler;  from  Mr.   Michael  M. 

Brophy. 
Emery-Grinding  Machinery ;  Machines   and   Tools  employed  in  the   working 

of  Sheet  Metals;  from  the  author,  Mr.   R.  B.  Hodgson. 
Descriptive  volume  of   the    Opening  of   the    Building    of    the  Chamber  of 

Commerce  of  the  State  of  Nevr  York ;  from  Mr.  Morris  K.  Jesup. 
Sub-Mechanics  of  the  Universe,  by  Osborne  Reynolds  ;  from  the  author. 
Raccolta    Voltiana;     from    Museo    Civico,    Como    (per    TJie    Institution    of 

Electrical  Engineers). 
Internal  "Wiring  of  Buildings,  by  JL  M.  T>eaf ;  from  the  publishcro. 


I 
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lc<'«iauri.<«  ktfl  Power  of  Btc«m«hip«,  by  W  II.  Alh«rton  aaJ  A.  L.  Mellatibj ; 
fniii  Mr    \S    H.  Athortm. 

lUdimit  Kuer^'T,  »  NNorking  Tower  iu  the  Mechftuiam  of  the  I'nivorMj,  by 
U.  \N .  O.  Kt«st«l :°  from  tliv  author. 

Tho  following  from  Mr.  Frtxlcrick  Colyer :— UrewrriM  and  MaltiDga:  their 
Arnui(;«>ment,  Coiutruction,  Machinerv.  itO'l  TUnt,  by  (i  8<-annlI,  '-'n*!  f^\ 
reriMtl  by  Kn»drrick  (  olycr.  (Job  Wnrki :  thtir  ArraDpemcnt,  Coiujt ruction, 
Plant, and  Machinery,  by  Frederick  (olyt-r.  Ilrdraulic,  Btcem,  and  Hand- 
Power  Liftinir  an<l  Preaaing  Machinery,  by  Frederick  Olyer  Public 
Institutiona  ;  their  F,ni/in«'<'rin^'.  Sanitary,  imd  other  Aiipliancea,  by  F'rwlcrick 
("olyor.  Pum[«  and  Pumi)inL'  Mmliinery.  '_'  toIh  ,  '^nd  ed.,  by  l're«brick 
("olyer.  Troatiae  on  the  Modern  Sanitary  Appliance*,  by  Frederick  Colyer. 
Treatise  on  Water  Supply,  Drainajre,  etc.,  by  F'rederick  Colyer. 
Tnatiae  on  the  Workinp  iind  ManHL'ement  of  Steam  Uoilera  and  Enginea, 
by  Frotlerick  Colyor. 

CieuH'infaaalirhe  Diiratellnu;;  ded  Eii^cnhtitteuwoiena;  Jnlirbuch  fur  daa 
EiaenliiJttenwcuon,  Jahr.  II ;  from  tho  publinher. 

Mechanical  Refrisjeration.  by  Hal  Williutua  ;  from  the  author. 

Uonus  Tables:  for  ralciilatinp  Wn^rs  on  the  Bonus  or  Promiutu  Svbtem".  by 
H.  A.  Goldinp;  from  the  publishers. 

Ixicomotivcs  an  dtbut  du  XXo  Siccle,  by  Kdouard  Sauva^i^e  ;  from  the  author. 

Wiiter  Supply,  by  R.  E.  Middlcton  •  from  the  author. 

Electric  Lighting  and  Power  Distribution,  Vol.  II,  by  W.  P.  Mayoock;  from 
the  author. 

Manual  of  Practical  Slathematics,  by  Frank  Castle  ;  from  the  author. 

ItctHl's  Marine  Stokers'  Guide,  by  Vulcan  :  from  the  author. 

The  followinjj  from  ^Ir.  W.J.  Weifrhtman:  Tcxt-Itook  of  ElecJrochemistrr, 
by  Svante  Arrhenius.  I.elirbuch  <ler  Eloktrorhemie,  by  Dr.  Mux  le  Blaoc. 
Elements  of  Metalluriry,  by  .1.  A  Pliillips.  Itichtcr's  Inoru'anio  Chemistry 
(."•th  ed.  translated  by  Edgar  F.  Smith).  Select  Methods  in  Chemical 
AoalyBis,  by  William  Crookos.  Electrolytic  Separation  of  Metuls,  by 
<;.  fiore.  Seoondary  Hatteriei*  :  their  Theory,  Construction  and  Use, 
by  E.  J.  Wade.  TrausactioDs  of  the  American  Eieitro-chemical  Soiitty. 
Vols.  I  and  II.  Ek-ctric  Smelting  and  Refining,  by  Dr.  W.  Itorchers 
(2nd  Oil.  transLite«l  by  W.  (I.  McMillan;. 

Friction  and  its  Reduction,  by  G.  U.  Wheeler ,  from  the  publishers. 

Electric  Traction,  by  J.  II.  lUder;  from  the  HUth(ir. 

Frtt;:ments  from  C'ontiuental  JouriicyinL-*,  by  A.  R.  Seunett;  from  the  author. 

The  Dynamo,  bj  C  C  Hawkins  and  F.  Wallis ;  from  the  publishtra. 

Techuik  and  Praxis  wichlig«ten  Physikalischen  GrOsaen,  by  Ulof  Lindt-rs  ; 
from  the  authnr. 
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OFFICIAL  PUBLICATIONS. 

The  fullowing  from  the  Government  of  Canada: — Keport  of  the  Commissioner  of 
Public  Works  for  the  province  of  Ontario  for  the  years  ending  31  Dec.  1901 
and  31  Dec.  1902;  Statistical  Year-book,  1902;  Canadian  Trade  Index, 
1901. 

Annual  Report  of  the  Columbian  Minister  of  Mines  for  the  years  ending  31  Dec. 
1901  and  31  Dec.  1902  ;  from  the  Minister. 

The  following;  from  the  Government  of  India  : — Report  of  the  Chief  Inspector  ot 
Mines  in  India  for  the  years  ended  31  Dec.  1901  and  31  Dec.  1902  ; 
Technical  Section  Papers. 

The  following  Official  Publicationg  from  the  Government  of  New  South  Wales : — 
Annual  Report  of  the  Department  of  Mines,  1902 ;  Report  of  the  Department 
of  Public  Works  for  the  year  ended  30  June  1902 ;  Annual  Report  of  the 
Railway  Commissioners  for  the  years  ended  30  June  1902  and  30  June 
1903;  The  Seven  Colonies  of  Australasia,  1901-1902,  by  T.  A.  Coghlan; 
Report  on  Artesian  Boring  and  Irrigation  in  America,  by  J.  W.  Boultbce  ; 
Moore's  Almanac,  1903. 

The  following  Official  Publication  from  the  Government  of  Queensland ; — 
Brisbane  Board  of  Waterworks,  Report  for  the  year  ended  31  Dec.  1901. 

The  following  from  the  Government  of  the  United  States  of  America : — Annual 
Report  of  the  Chief  of  Ordnance,  1902 ;  Notes  on  the  Construction  of 
Ordnance;  Tests  of  Metals,  1901  and  1902  ;  Annual  Report  of  the  Chief  of 
the  Bureau  of  Steam  Engineering,  1903. 

The  following  from  the  U.S.  Geological  Survey :  —  Twenty-Second  Annual 
Report,  Parts  T,  II,  III,  and  IV,  1900-1901 ;  Twenty-Third  Annual  Report, 
1901-1902 ;  Monographs,  XLII  and  XLIII ;  Mineral  Resources  of  the  United 
States,  1901;  Bulletins,  191,  195-207;  Professional  Papers,  I  to  YIII ; 
Water  Supply  and  Irrigation  Papers,  Nos.  G5-79. 

The  following  Official  Publications  from  the  Government  of  Western  Australia:— 
Supplement  to  Government  Gazette  of  Western  Australia;  Report  of  the 
Department  of  Mines,  1902;  Report  on  the  Working  of  the  Government 
Railways  and  the  Roebourne-Cossack  Tramway,  30  June  1902 ;  Statistical 
Register  for  the  year  1901 ;  History  of  the  Coolgardie  Water  Scheme. 
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rAMl'lILKTS,  df. 

Memoir  or  Jainri  Watt,  ITHtJ-lHl'J;  (ii<oiuetricttl  .Mi-lUudot  provinR  tin*  rontonU 

of  ft  I'vratuid  lUid  of  ft  Tun.  :   from  Sir  Frtslt-rick  Uramwfll,  U«rt  ,  I>  CI, . 

I.L.n.,  F.R.S. 
SUrt^sM   I)cTelopo«l   in   BcnniH    I  m.i,|,  i    i  niubv«r«<ly,  by  Prof««tor  Ilfury    i. 

Bovoy,  LI,.l).,  K.US. ;  from  tho  autlKT. 
Note  Bur  uo  Carburatour  a  R<-glngo  Automatique  i>oiir  Motours  k  Exploaiotit. 

by  M.  Krebs ;  fnun  Mr.  Henry  Ctiapuiaii. 
Imjterial  Telegraphic  Coiiimuniciitiun  and  tbo  "  Ail-Brtliith  "  Pacific  Cable,  by 

CharU-ti  llrij,'ht.  F.lt.S.K. ;  from  tin-  autlior. 
Untcrsuchuiigeu  iini  (ia«motor,  by  Eugcn  Meyer  ;  from  the  author. 
Winding  Plants  fur  lireat  Depths,  by  li.  C.  Bchr:  from  the  autltor. 
Presidential  Address  to  tin*  Austmlasian  Aasocintion  for  the  Advancement  of 

Scieuoe,  by  K.  W.  Ihittuii  ;  from  tlie  nuthor. 
History  of  the   Bilvoir   ('astlo    Kdgo-Rail    Wiiy ;    Railway   Collection   at   the 

Leicester  Museum;  History  of  the  Norlli-Westeru  Railway;  Hist"ry  of  the 

Preston  and   Walton   Hummit  Plate-way ;    from   the  ftutbor,    Mr.   C.    K. 

Stretton. 
Lecture  on  Producer-fJas,  and  its  application  to  Industry,  by  H.  A.  Humphrey  ; 

fn>m  the  author. 
Improved   Mode  of  Procedure  for  the  (J rant  of  Letters  Patent,  by  G.  G.  M. 

Hardingbam ;  from  the  author. 
Le  Navire  puur  Pa-^sagers,  by  C.  Turc ;  from  the  publiribers. 
Notes  on  the  I'ensus   Report  (1901)   for  the  County  of  I^ncaster,  by  T.  A. 

Welton ;  from  the  Manchester  .''Statistical  Society. 
Restoration  of  the  Ancieut  Irrigation  Works  on  the  Tigris  or  the  Re-Creation  of 

Chaldea,  by  Sir  William  Willcocks. 
Presidential   Aiidress    to    the    Royal    Philosophical    Society  of    Glasgow,  by 

Professor  Archibald  13arr  ;  from  the  autlior. 
Tiie  Metric  System,  by  F.  A.  Halsey;  Report  of  Committee  appointed  to  discuss 

the  Arguments   in   favour  of  and   against  the  Metrie  System  ;    from  the 

American  Society  of  Mechanical  Engineers. 
British  r.  American  Patent  Law  Practice  and  Engineering  Invention;  Effect  of 

Fine   Dust  upoa  tho  Thermal   Efficiency  of    Hut-Blast   Stoves;    Joseph 

Aspdin  :  Inventor  of  Portland  Cement;  from  the  author,  Mr.  B.  H.  Th«-aite. 
Modem  JIachinery  for  Excavating  and  Dredging;  Stewart  River  Gold  Dredge; 

from  the  author,  Mr.  A.  W.  Robinson. 
Value  of  Wind-ilills  in  India,  by  Professor  Alfred  Chatterton;  from  the  author. 
Les  Turbines  a  Vapeur,  et  ep6ciulement  les  Turbines  Parsons,  by  M.  Hart :  from 

Association  Technique  Maritime. 
Notes  on  Internal  Flow  in  (  entrifugal  Pumps,  Part  II :  a  Study  of  the  Theory 

of  the  Runner,  by  J.  A.  Smith  ;  from  the  author, 

8 


232  ANNUAL   REPORT.  Fkb.  1904. 

L'Eflort  do  Traction  :  Experiences  en  Angleterrc,  by  Professor  H.  S.  Hele-Shaw, 
LL.D.,  F.E.S. ;  from  the  author. 

Yorriclitungen  zur  zeitweiligen  Erhohung  des  Triebraddruckes  bet  Lokomotiven 
als  IMittel  zur  Lusung  des  Anfabrproblems,  by  K.  Keller ;  from  the  author. 

Oil  Tempering  of  Mild  Steel  Forgings,  by  T.  Bunt ;  from  the  author. 

Historical  Sketch  of  the  Experimental  Determination  of  the  Eesistance  of  the 
Air  to  the  Motion  of  Projectiles,  by  Francis  Bashforth  ;  from  the  author. 

Elan  Valley  Waterworks  ;  Premium  System  of  Paying  Wages ;  from  Mr.  Edgar 
AVorthington. 

Bakeriau  Lecture — On  the  Constitution  of  the  Copper-Tin  Series  of  Alloys,  by 
C.  T.  Heycock,  F.E.S.,  and  F.  H.  Neville,  F.K.S. ;  from  the  authors. 

Hearing  of  Actions,  by  H.  E.  Garle  ;  from  tlie  author. 

Notes  on  ]Material,  Construction,  and  Design  of  Land  Boilers,  by  E.  G.  Hiller  ; 
from  the  author. 

Cylinder  Oil  and  Cylinder  Lubrication,  by  H.  M.  Wells ;  from  the  author. 

Ankylostomiasis :  its  cause,  treatment,  and  prevention ;  from  the  publishers. 

Comparison  of  certain  Physical  Properties  of  Nickel  Steel  and  Carbon  Steel  for 
Bridge  and  Structural  Purposes,  by  A.  L.  Colby  ;  from  the  author. 

Electricity  for  Small  Hospitals,  by  W.  N.  Twelvetrees ;  from  the  author. 

Cathodic  Keduction  (2  copies),  by  A.  T.  Weightman  ;  from  the  author. 

Design  of  Plate  Girders ;  Strengths  of  the  Materials  of  Construction  ;  from  the 
author,  Professor  W.  E.  Lilly. 

The  Science  of  the  Engineering  Workshop,  by  William  Taylor;  from  tho 
author. 

Design  and  Manufacture  of  Milling  Cutters,  by  S.  N.  Brayshaw;  from  tho 
author. 

Statically  Indeterminate  Structures,  by  I.  Kreuger ;  from  the  author. 

Der  Beschleunigungsdruck  der  Schub-stange ;  Der  Ungleichformigkeitsgrad 
von  Vier-takt-motoren  mit  Aussetzer-reglung,  by  Professor  Dr.  K.  Mollier  ; 
from  the  author. 

The  Inch,  the  Metre,  and  the  Metric  System  ;  from  IMr.  Thomas  Parker. 

Keport  on  the  Abatement  of  Smoke  Nuisance  in  Calcutta,  by  Frederick  Grover ; 
from  the  author. 

The  following  from  the  Engineering  Standards  Committee  : — British  Standard 
Sections,  No.  1,  Angles,  &c. ;  No.  2,  Tramway  Bails  and  Fiah  Plates ;  No.  3, 
Eeport  on  the  Influence  of  Gauge  Length  and  Section  of  Test  Bar  upon  the 
Percentage  of  Elongation,  by  Professor  W.  0.  Unwin ;  No.  4,  Beams. 

Eede  zum  Geburtsfeste  Seiner  Majestat  des  Kaisers  und  Konigs  Wilhelm  II.  in 
der  Halle  der  Koniglichen  Technischen  Hochschule  zu  Berlin,  2G  Januar 
190.S ;  Dissertation  zur  Erlangung  der  Wiirde  eines  Doktor-Ingenieurs,  by 
Walter  Eeichel ;  Eeibungsbahnen  und  Bahnen  gemischten  Systems,  by 
Otto  Blum ;  Die  Verwendung  von  Druckluft   bei  clektrisch  betriebenen 
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H»be»eu|foij,  by  Fmnz  JonlaiJ ;  (Ut  dio  NorKn>«KJrung  der  UaadeliKlatuprrr 

mit  Itilckulcht  nuf  ilm-  IttnUibilitiit,  by  CUnrioo  U.  Schullz;    from   iho 
Itoctor.  Ik-rliu  Koiiij^lidien  TtolmihtlKn  II<x'hj»chuIe. 
Ilcport  of  iho   Ily.ln.ulio  Kii-iiicir  ou  tl.o  Wuttr  Sui)ply  of  QuoenaUnd.  I'JOI 

from  Mr.  John  H.  Hendenkui. 
Liatof  Chinwio  Liglillioiueg,  Light-ViM«l8.  Buovb.  and  Ik-acon*.  1903;  from 

tho  In8|>ootor-(ioiifni!  of  Chineso  CiistoiuH. 
BoanI  of  Triido  KejKjrUi  <.n  Hoiler  Kxplonicni;  CompariBon  and  Verification  of 

MeaaurvB  of   Lengtli   for  Geodetic.  Survey,  and   Engineering   Puri>o««i 

from  the  Board  of  Trade. 
Clajsaifiod  LiBtB  uud  Distribution  UetumB  of  Establishmeut,  Indian  Public  Work* 

Department,  to  M  DecemUr  1902  and  [io  June  1H(»:( ;  from  tbo  Registrar. 
Inoorporat<Hl  Acconiitantb*  Year  Book,  i;»(i3-4  ;  from  the  Society  of  AccountanU 

and  Auditors. 
Universal  Directory  of  Railway  OffieiuLs,  VMKi ;  from  the  publisherB. 
Donaldson's  Engineers'  Annual,  I'.mi;;  ;  from  Mr.  P.  R.  Owens. 
The    following  from   the  Patent  OflSce :— Abridgments    of    SpecificationB    of 

Pateuta  for  Inveutious,  18'J7-iyU0:— ClasscB  41,  43-40,  48-135,  137-140; 

1807-76  :-Clas8e8  4.  7,  8,  U,  17,  23.  27,  29,  32-:H,  41.  54,  57,  59,  63,  67. 

71:  Patent  Office  Library  CaUdogue,  \  ol.  1,  1898  (Authors),  Vol.  2.  1S83 

(Subjects);  (Juide  to  the  Searcli  Depurtment  of  tlie  Patent  Office  Library, 

with  Appen-Hces  (2nd  ed.);   Subject   List  of  worka  on  General  Science, 

Physica,  Sound,  Music,  Liirht,  Microscopy,  and  Philogophlcal  Instruments; 

Ditto  of  works  on  Arciiiteeture  and  Buihliu'r  Construction  ;  Ditto  of  works 

on  tho  Mineral  Industries  and  Allied  Sciences;  Illustrated  Official  Journal 

(Patents). 


CALENDARS,  ETC. 

Calendars    1903-1904   from   the  following  Colleges :— Royal   Technical   High 

School,   Berlin;    University    of    Birmingham,   (Calendar    and    Journal); 

Bradford    Municipal    Technical    College;     University     College,    Bristol; 

Glasgow  and  We^t  of  ScotUmd  Technical  College,  (Calendar  and  Report)  ; 

Yorkshire  College,  Leeda,  (Calendar  and  Reix)rt)  ;  City  of  London  College ; 

King's  College,  London  ;  South  Western  Polytechnic,  London ;  University 

College,    London;    ^leGill   Collejre   and    University,   Montreal;    Redruth 

School  of  Mines;  University  (  .plli-:.-e,  Sheffield. 
University   Collego  of  South    Wales  and   Monmouthshire,  Cardiff,   Calendar 

1902-iyo:j;  from  tho  College. 
Report  to  tho  Governors  of  tho  City  and  Guilds  of  London  Institute,  April 

1903;  from  the  Institute, 
t  rvbtal  Palace  Enf:intering  School  Magazine;  from  Mr.  J.  W.  Wilson. 
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Foutli  Australia  School  of  Mines  and  Industvios  and  Tocliuological  Museum, 

Annual  Eoport  1902;  from  the  School. 
Royal  Teohnioal  High  School,  IMunich,  Report  1001-1002,  Calendar  1002-1003  ; 

from  the  School. 
The  foUowinjx  from  California  University,  U. S. America  :— Register,  1001-1002, 

1902-190;5;  Secretary's  Annual  Report,  1901 ;  Chronicle,  Vol.  5,  Nos.  1-4, 

A'ol.  6,  No.  1 ;  Bulletin,  Vol.  :>,  Nos.  1-12 ;   President's  Biennial  Roport, 

1000-1902. 
Michigan  College  of  ^Mince,  Year-book  1902-190.3;  from  the  College, 
Cornell  University,  New  York,  Register  1902-1903;  from  the  University. 

CATALOGUES. 

Standard  Mctliods  for  the  Testing  and  Analysis  of  Cements  ;  from  Messrs.  G. 

and  T.  Earle. 
E.  r.  S.  Batteries,  1903  ;  from  the  Electrical  Power  Storage  Co. 
Hydraulic  Lifting,  Pressing  and  Pumping  Machinery  ;    from  Messrs.   C.  and 

A.  Musker. 
Engraving  Machinery  ;  from  Messrs.  Taylor,  Taylor  and  Hobson. 
Engineers'  Stores,  Machinery,  Tools,  Lubricating  Oils,  &c. :  from  Messrs.  W.  II. 

AVillcox  and  Co. 
Boiler  Mountings,  &c. ;  from  Messrs.  James  Baldwin  and  Co. 
Conveying,  Screening   and   Crushing   Plants ;    from  Messrs.   Graham,  Morton 

and  Co. 
Rolled  Steel  Sections ;  from  Messrs.  Rogers,  Twentyman  and  Co. 
Boiler  Mountings ;  from  IMessrs.  Fletcher  Brothers. 
Appleby's  Handbook  of  Machinery. — Section  3,  Pumping  Machinery  ;  Section  .'5, 

Contractors'  Plant,  Railway  Materials,  Notes,  Tables,  etc. ;  from  Messrs. 

Jessop  and  Appleby  Brothers. 
Do  Laval  Patent  Steam  Turbine  Machinery ;    from  Messrs.  Greenwood  and 

Batley. 
Spons'  Engineers'  Price  Book,  1903-4  ;  from  Messrs.  E.  and  F.  N.  Spon. 
Photographic  Machinery  ;  from  Messrs.  N.  L.  Scott  and  Co. 
Surveying  and  Drawing  Instruments  (G)  ;  from  Messrs.  W.  F.  Stanley  and  Co. 
Steam  and  Electric  Cranes ;  from  Messrs.  J.  H.  "Wilson  and  Co. 
Cut  Gearing  and  Machine  Cut  Wheels  ;  from  Messrs.  David  Brown  and  Sons. 
Baldwin  Locomotive  Works,  Records  of  Recent  Conttruction,  Nos.  39-44,  1003; 

from  the  Company. 
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rhoU«r»pb  of  20,000   I  II. I*.    EnKlnet   of    tbo    twlowwrcw  luUoti   w»r»hl|», 
•'  lie  I'mlx-iio;  "  fn>in  Mr*.  Joy. 

.V.I  /'. 
Map  of  Peru ;  from  Duu  E.  Ltirrubuiv  y  UDaimc 

n«  /Mowing  VIBLICATIONS  from  the  retpeciice  Soeielies  and  authorHUs^— 

BlilTISU  ISLES. 

Bnulford    Libraries,    Art    Gallery,    ond    Miueuma    Committee:    TLirty-lliird 

Annual  Iteport. 
Uritidh  Ajuttieiatiou  fur  thu  Advancement  of  Scienoe  ;  Kcport. 
Britibh  Firu  rreviution  Committee. 
Chemietry  of  (Jreiit  Brittiin  and  Ireland,  Institute  of;  Proceeding*,  and  LUt  of 

Fellowd  iyu3-4. 
Civil  Eni^ineers,  The  Institution  of;  Proceedinpi. 
Civil  anil  MecLanieal  EiijrineerB'  S>eiety  ;  TrausaelionB. 
Cleveland  laBtituliou  of  Kugiueers,  Sliddlettbruugh ;  Prooeedillgl. 
Cold  Storage  and  Ice  Association ;  Prooeedliigs. 
Electrical  Engineers,  Institution  of;  Journal. 
Engine,   Builer,  and   Employers'   Liability   Insurance  Company,  MaacheBler 

Report  (from  Mr.  Miciiuel  Lougridge). 
Engineers  and  Shipbuilders  in  Scotland,  Institution  of,  Glasgow ;  Traniiactions. 
laoorporaled  Oa«  lustitute  ;  TransactioDs. 
Ipswich  Engiue<.ring  Society ;  Traiisaetions. 
Iruu  and  Steel  Institute;  Jourual. 
Junior  Engineers,  Institution  of;  Transactions. 

Literary  und  Philosophical  Society  of  Manchester  ;  ^lemuin  and  Proceeding*. 
Liverpool  Eugineeriug  Society ;  Trunsaetioufl. 
Liverpool    Public    Libraries,   3Imieums,   and    Art    tiallerj;    FifUeth   Annual 

Report. 
Manchester  Geological  and  Miuiu^'  Society  ;  TransacUoiu. 
Manohester  Steam  Users'  Aaiiociation  ;  Report 
Marine  Engineers,  Institute  of;  Transactions. 

Mil  '  ition  of,  Newcastle-oii-Tyne:  TrUMMtka*. 

Nil-.  itory ;  lleporU  ll»Ol  and  I'jOa. 

Naval  Architect*,  Institution  of;  Truusactiuus. 
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North      of    Enjjlaml     Institute    of     IMining    and    ^loclianlcal      Engineers, 

Newcastlc-on-Tyne ;  Transactions. 
North-East  Coast  Institution  of  Engineers  and  Shipbuilders,  Newcastle-on-Tyne ; 

Transactions. 
Philosophical  Society  of  Glasgow ;  Proceedings. 
Physical  Socitty  of  London  ;  Proceedings. 
Eadcliffe  Library,  Oxford  ;  Catalogue  of  Additions  during  1902. 
Royal  Agricultural  Society  of  England ;  Journal. 
Royal  Cornwall  Polyteclinic  Society,  Faknouth ;  Report. 
Royal  Dublin  Society  ;  Transactions  and  Proceedings. 
Royal  Engineers'  Institute,  Chatham  ;  Professional  Papers. 
Royal  Institute  of  British  Architects  ;  Journal. 
Royal  Institution  of  Great  Britain ;  Proceedings. 
Royal  Irish  Academy,  Dublin  ;  Transactions  and  Proceedings. 
Royal  Scottish  Society  of  Arts,  Edinburgh  ;  Tran,s;xctions. 
Royal  Society  of  Edinburi::h  ;  Proceedinj;3. 
Royal  Society  of  London;   Pliilosophical  Transactions  (A),  Proceedings,   and 

Year-Book  1903. 
Royal  United  Service  Institution  ;  Journal. 
Science  Abstracts — Physics  and  Electrical  Engineering. 
Society  of  Arts ;  Journal. 
Society  of  Chemical  Industry ;  .Journal. 
Society  of  Engineers ;  Transactions. 

South  "Wales  Institute  of  Engineers,  Cardiff;  Proceedings. 
Staffordshire  Iron  and  Steel  Institute,  Dudley;  Proceedings. 
Surveyors'  Institution ;  Transactions  and  Professional  Notes. 
Waterworks  Engineers,  British  Association  of ;  Transactions. 
West  of  Scotland  Iron  and  Steel  Institute,  Glasgow ;  Journal. 


Africa, 
South  African  Association  of  Engineers,  Johannesburg  ;  Proceedings. 

Argentine  liepuhlic. 
Engineers  of  River  Plate,  Institution  of,  Buenos  Aires ;  Journal. 

Auetria. 

Zeitschrift  des  Oesterreichischen  Ingenieur-  und  Architekten-Vereines,  "Vienna. 
Zprdvy  spolku  Architektuv  a  Inzenyru  v  krfilovstvi  cesk^m,  Prague. 
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AmMmU  Rofia  da  Belgiqiw,  BroMob :  DvllMia. 

AModAtioa  dm  Incdaienrt  aortU  <1m  AmIm  tpfaUUn  do  U«n<l :  Aanalok 

latenuitiooal  Railway  OaogTaat(Ko)(liab  adiUoaX  Umawla :  Bulletin. 


Canada. 

Oaoadiaa  Budcty  of  Ciril  Kucintera.  Moutira) :  Tnmaaelioiu. 
Nora  Scotian  Institute  ut  Scicnco ;  rroceedinv*  and  Traoaactions. 


France. 

AcjkI.  :ni(  d.->  >    ■  !.<•<«,  iiini« ,  <        ■  ;  -  i:.  ■  Ills  di<«  tJ^ncaa. 

Aniial'  B  kUb  M.'.i;  -^  I'arifl. 

AMOciatiuu  'I't^biuquo  Maritime,  I'ahB  ;  iiuiU-tin. 

AjucK-intioiia  do   ProprieUirta  d'A|)]Nm-iU  a   VufK-ur,   Taria;    Compte  Rendu 

dt-a  SfHDwa. 
CouwrraUiiiv  dfs  Arta  it  Mtticrs,  Paru  ;  Anoaka. 
Puuta  vt  Chitu«»ix«,  Paris  ;  Aunalfa. 
Ueme  Maritime,  Paris. 

Societc  Scit-ntifique  InduatrielK-,  Marseillia  ;  BullitiD. 
Socieie  d'Enooura^cment  pour  I'lnduatrii'  Nationalf,  Paris;  DuHclin. 
Soeietc  ludustrielle  il««  Blulhoum.- :  Bulletin. 
Socirtc  InduatriflK'  du  Nord  du  la  Frano-.  I.illo  :   Uullttin 
Sod^te  Induatrielle  de  Rounn :  Balletin. 

Societ*.'  Indoatrielle  de  St.  Qui-ntin  et  di-  r.\:Mi. ,  >i.  ijiu  imn     iUiiic  iin. 
Socit-t<;  dia  Ingi-uieurs  CiviU  do  Fruucio,  Parid ;  Memuirt-a. 

Germany, 

ZeitscUrift  ftlr  ArcliiUktur  uud  Int^enieu-  r. 

ZeiUchrift  dc«  BttVerlAcliLMi  Danipfki-«tii-l  :  .«,  Muuidi. 

Zeitachrifl  dea  Vi-rt-iinii  dcutacher  Iogeuitfur«,  Berlin. 

Holland. 
Tijdaehrifl  ran  het  Koninklijk  Instituut  ran  Ing«uieun,  's  GrarrDhapi*. 

Jndta. 
Aaiatie  8od«iy  of  Baagal,  OalcutU :  Proeoedinga  and  Journal. 
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Italy. 

Associazione  fra  gli  Utenti  di  Caldaie  a  Vapore  nelle  Proviucie  Napolitane 

Kapporto  dell'  lugegnere  Direttore. 
Asiociiizioue  Elettrotecnica  Italiana,  Eome  ;  Atti. 
Societa  degli  Ingegneri  e  degli  Architetti  Italiani,  Kome ;  Anuali. 

Japan. 
Japan  Society  of  Mechanical  Engineers,  Tokyo ;  Journal. 

Neio  South  Wales. 
Royal  Society  of  New  South  Wales,  Sydney ;  Journal  and  Proceedings. 

Noru-ay. 
'J'eknibk  Ugeblad,  Christiania. 

Sweden. 

Geological  Institution  of  the  University  of  Upsala  ;  Bulletin. 
Svenska  Teknologforeningen,  Stockholm. 

United  Stateg. 

American  Academy  of  Arts  and  Sciences,  Boston ;  Proceedings. 

American  Institute  of  Mining  Engineers,  New  York ;  Transactions. 

American  Philosophical  Society,  Philadelphia;  Transactions  and  Proceedings. 

American  Society  of  Civil  Engineers,  New  York;  Transactions  and  Proceedings. 

Association  of  Engineering  Societies,  Philadelphia  ;  Journal. 

Franklin  Institute,  Philadelphia  ;  Journal. 

.John  Crerar  Library,  Ciiicago  ;  Eighth  Annual  Eeport. 

Master  CarrBuilders'  Association,  Chicago ;  Proceedings. 

School  of  Mines  Quarterly,  Columbia  College,  New  York. 

Smithsonian  Institution,  Washington  ;  Annual  Eeport. 

United  States  Artillery,  Fort  Monroe ;  Journal. 

United  States  Naval  Institute,  Annapolis ;  Proceedings. 

United  States  Patent  Office  Gazette,  Washington. 

Western  Society  of  Engineers,  Chicago  ;  Journal. 

Victoria. 
Aubtralasiau  Institute  of  Mining  Engineers,  Melbourne;  Transactions. 
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The /Moving  VEHlODlCALSfram  the  n  rvral  EdUur$  ;— 
DRITISU  ISLES. 


AitUH  ami  Exploeivrf. 

'i'he  Autocar. 

AutoDiobilo  Club  Jouriml. 

The  Autoiuutur  Juumul. 

lio^nl   of  Trudv    Jiiuriml   (fru!!!    Mr. 

lItor>  Clmpuiuu). 
The  Driluh  ArchiU-ct. 
Tho    Itritish    Empire    Review    (from 

Mr.  llfnry  Cbapmun). 
British  lvefri{,'erutioii. 
The  Builder. 
Camoru  Club  Journal. 
The  Car. 

Cujuier's  M&gaziue. 
The  Chambir   of  Coiumerc©  Jouruul 

(from  Mr.  Henry  Clmpman). 
Cold  Storage  aiul  Ice  Trudes  lUvicw. 
The  Colliery  Guardian. 
The  Contract  Journal. 
The  CycliflL 

The  Electrical  Engineer. 
The  Electrical  Review, 
The  Electrical  Times. 
The  Electrician. 

The  r.lectro-Chcniifit  and  Metallurgist. 
The  Engineer. 
The     Engineer     and     Irnn     Tra<le«' 

Advert  iaer. 
Engineering. 

The  Euginetring  Magazine. 
Engineering  TimcB. 
Engineers'  Gazette. 
The  ExjKJrt  Review. 
Feildeu'i  Blagazine. 
The  Fireman. 
The  Fishing  Gazette. 
Tho  Foundrj"  Trade  Journal. 
The  Journal  of  Gas  Lighting. 


Tlie  Gaa  World  (and  Ye<irbouk  19<>-l) 
Tho  Hardware  Trade  Journal. 
loe  and  Cold  Storage. 
Illustrated  Scieutiflc  New*. 
The  Iruu  and  Coal  Trade*  Review. 
Iron  'Irudu  Circular,  Rjlaiid'a. 
The  Iroumouger. 
Locomotive  Magazine. 
Ijoudon  Technical  Eilucation  Gazette. 
Ixjndon  L'uiveraity  Gazttte. 
The  Machinery  Market. 
The  Marine  Eugine«r. 
The  Mariner. 

The  Mechanical  Engineer. 
The  Mechanicul  World. 
3Iidland  Counties  Herald. 
The  Mining  Journal. 
Model   Engineer  and  Amateur  Elec- 
trician. 
Motor  Car  Journal. 
Page's  Magazine. 
Petroleum. 

The  Plumber  and  Decorator. 
The  Practical  Engineer. 
Tho  Public  Healt!i  Engineer. 
The  Publishers'  Circular. 
The  Quarry. 
The  Railway  Engineer. 
The  Refrigerating  Engineer. 
The  Shipping  World. 
The  Steamship. 
Tho  Surveyor. 
The  Textile  Recorder. 
Traction  and  Transmiaaion. 
The  Tramway  and  Railway  World. 
Tniuaport. 
Water. 
The  Woodworker. 
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Belgium. 
Kevue  Universello  dcs  ]Mincs. 

France. 

L'Industrie.  Kevue  Industrielle  (from  IMr.   Heury 

Revue  generale  des  Chcmins'de  for.  Chapman). 

Germany. 
Glaser's  Annalen.  Stabl  und  Eisen. 

Holland. 
De  Ingenieur. 

India. 

The  Indian  and  Eastern  Engineer.  Indian     Textile      Journal     (English 

Railways.  edition), 

Italy, 
Giomale  del  Genio  Civile. 

Spain. 
El  Ingeniero  Espafiol  (London  edition). 

United  States. 

American  Machinist.  Engineering  News. " 

American  Manufacturer.  The  Engineering  Record. 

The  Automobile.  The  Iron  Age  (from  Mr.  W.  H.  Maw). 

Electrical  Review.  Marine  Engineering. 

Electrical  World  and  Engineer.  Marine  Review. 

Electricity.  The  Railway  and  Engineering  Review. 

The  Engineer.  Railway  Master  Mechanic. 

The  Engineering  and  Mining  Journal. 


The  Museum  Las  received  six  pieces  of  Eail  with  Sleepers  from 
Mr.  Clement  E.  Stretton. 


I'm.  '901. 
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Tho   Pbkiiidint   fonnully  movo<l   tho   uilojitioii   of  tlio   Aiumul 
l{ojH)rt.  which  was  uimuimoUKly  ugrecil  to. 


Tho  PuEsiDBNT  next  prcfiontc'd  to  Mr.  F.  C.  Ilibbcrd  tho  Prizo 
uwanlwl  by  tho  Council  for  his  rui)or  on  "  Autoiuutic  f'ouplers." 

He  announced  tliat  Mr.  W.  P.  Gauvain,  who  luul  also  bct-n 
awanUtl  a  Prize  by  the  Council  for  his  Paper  on  "  I)coi>-Wc'll 
Pumping  Machinery,"  was  unable  to  bo  present,  and  his  prizo  would 
therefore  be  forwarded  to  him. 


The  PaKSlDENT  announced  tliat  the  Ballot  Lists  for  the  election 
of  Officers  for  the  i)resent  year  had  been  opened  by  a  Committee  of 
the  Council,  and  that  tho  following  were  found  to  be  duly  elected  :^ 


J.  IIautlky  Wicksteed, 


I'UESIDENT. 


Lcedh 


VICE-rRESIDENTS. 

Edwaud  B.  Ellingtok,         ....  London. 

T.  HuBUY  Riches,       .....  CardilT. 

MEMBEnS   OF   COCNCIL. 

Sir  Benjamin  Bakek,  K.C.B.,  K.C.M.G.,  LL.D., 

D.Sc,  F.li.S., London. 

Sir  J.  AVoLFE  Baery,  K.C.B.,  LL.D.,  F.If.S..   .  Limdou. 

Henby  Chapman,         .....  London. 

Edwaud  Hopkinson,  D.Sc,  ....  Manchester, 

Henuy  a.  Ivatt,         .....  Doncaster. 

IIknuy  D.  Mausuall,  .....  Gainsborough. 

Sir  John  I.  Thobnycboft,  LL.D.,  F.R.S.,         .  London. 
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COUNCIL   FOR    1001. 


Feb.  190d. 


The  Council  for  tlic  jiresent  year  is  tlierefore  as  follows ; 


PRESIDENT. 


J.  Hartley  Wicksteed, 


.     Leeds. 


PAST-PRESIDENTS. 

Sir  LowTHiAN  Bell,  Bart.,  LL.D.,  F.E.S.,        .  Northallerton. 

Sir  Edward  H.  Carbutt,  Bart,,    .  .  .  London. 

Samuel  Waite  Johnson,       ....  Nottingham. 
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Tlio  Pbksident  reminded  tho  Members  that  nt  the  pregcnt 
fleeting  the  ftj)pointmcnt  had  to  be  made  of  an  auditor  for  the 
torrent  year. 

Mr.  W.  H.  Allbn  moved  :  "  That  Mr.  Robert  A.  McLean,  F.C.A., 
1  Queen  Victoria  Street,  London,  be  re-apj)ointed  to  audit  tlic 
accounts  of  tho  Institution  for  tho  j^csent  year,  at  the  same 
rt-muueration  as  hist  year,  namely,  twenty-tive  guineas." 

Mr.  Dbuitt  Halpin  seconded  the  motion,  which  was  carried 
unanimously. 

The  Discussion  on  the  Sixth  Report  to  the  Alloys  Research 
Committee  on  tho  "  Heat  Treatment  of  Steel  "  was  resumed  and 
concluded  (page  139). 

The  following  Paper  was  then  read  and  discussed  : — 
*'  The   Motion   of  Gases   in  Pipes,  and  the  use  of  Gauges  to 
determine  the  Delivery";    by  Mr.    Riohabd    Thkelfall, 
F.R.S.,  of  Birmingham. 


The  Meeting  terminated  at  Ten  o'clock.    The  attendance  was  103 
Members  and  CI  Visitors. 
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Tin:   MOTION  OF  GASES   IX    PIPES. 

AND   THE    USE  OF   GAUGES 

TO   DETERMINE   THE  DELIVERY. 


By  Mb.  KICHABD  THHKLFALL.  F.R.8.,  or  Biujilsgiiaji. 


It  is  nccc£&ary  to  givo  a  itrolimiuary  6tat«jmeut  *  of  tLo 
hydrodynamic  priuciples  involved,  iu  order  that  what  follows  muy 
bo  free  from  ambiguity.     This  may  bo  done  as  follows  : — 

On  the  Measurement  of  the  VeJo<itif  of  Gatet  in  Pipes. — Let  A  B, 
Fig.  1,  be  a  portiou  of  a  pipe  carrying  a  current  of  a  gas  in  the 

Fig.  1. 


►>;> >      C  ;  N  >» 


lircctionof  A  15.     Let  C  D  bo  a  small  tube  bent  at  right  angles 
so  that  its  open  end  C  faces  the  stream  of  gas. 


•  SooM  note*  on  tlje   J.i»turi>  ul    nsj-.-t  vt  the   Buijict  ul    Fluid  Vt-locity 
^Ie«Jiurt■Iuent   by  tucan*  of  thu    I'itot   tubu  will   bo   fouotl   io  Appendix   IV 


246  VELOCITY   OF   GASES   IN   TirEg.  Fion.  100-1. 

It  is  required  to  find  a  relation  between  the  velocity  and  density 
of  the  gas  stream  on  the  one  Land,  and  the  jiressure  set  uj)  by  this 
stream  in  C  D  on  the  other.  The  excess  pressure  in  C  D  is  supposed 
to  be  so  small  in  comparison  with  the  pressure  iu  the  stream  itself 
that  the  gas  may  be  treated  like  an  incomj^ressiblo  fluid.  Unless 
one  knows  just  how  the  velocity  of  the  stream  is  affected  by  the  tube 
C  D  it  does  not  appear  possible  to  find  a  solution  of  the  problem, 
but  some  approximation  to  a  solution  may  be  reached  by  making 
various  assumptions. 

For  instance,  assume  that  the  motion  of  the  gas  is  steady 
(non-turbulent)  and  that  the  stream  lines  impinge  normally  on  the 
open  end  of  the  tube  at  C,  and  there  terminate,  the  gas  being 
annihilated  after  being  brought  to  rest.  In  this  case  (no  rotational 
motion)  the  question  is  one  of  forces  and  accelerations  only. 

Let  the  density  of  the  gas  be  p  and  its  velocity   V  (both  in 

C.G.S.  units),  and  let  P  be  the  resulting  pressure  just  inside  the 

boundary  at  C  in  dynes  per  square  centimetre.    Then  in  each  second, 

momentum  to  the  extent  of 

pV^X  area 

is  destroyed  and  this  requires  a  pressure  (that  is,  force  per  unit  area) 
of  P  X  area ;  equating  these : — 

or 

T 

p 

In  practice,  however,  the  gas  cannot  be  annihilated  when  it 
comes  to  rest ;  it  has  to  be  pushed  out  sideways,  and  the  force  to  do 
this  must  come  from  the  gas  itself. 

Consequently  the  power  required  must  depend  to  some  extent  on 
the  viscosity  of  the  gas  in  question.  Another  way  of  stating  the 
same  result  would  be  to  say  that,  as  the  viscosity  increases,  the 
greater  must  be  the  momentum  destroyed  in  producing  sideway 
motion.  A  sort  of  cone  of  nearly  motionless  gas  would  form  iu 
front  of  the  opening  at  C,  and  the  sides  of  this  cone  might  be 
regarded  as  being  occupied  in  causing  the  stream  lines  to  diverge  so 
that  the  fluid  could  pass  the  obstacle,  as  is  in  fact  apparent  from 


-vr      w- 


•■'»•'   '  ""  vKLot'iTv  or  UAMiu  I!*  vtfta.  217 

Pr>«fi\t»*or  llclo-Slmw's  phutugrupliH.*  Tlio  abuTo  rvUtiou  would 
Uiurufiiro  •piKmr  U»  Iw  nn  JiKmiI  uuo  roforriug  to  a  ixm-riMcvmii  m«, 
auJ  Uio  ]iro88uru  P  ealculuUd  fr«»m  it  wuuKl  bo  imrbly  uu  u|i]iur 
limit.  The  funiuilu  f»onomny  oniploycxl  in  oouuoctiou  with  the 
Pitot  tube  ilifTerH  fruiu  that  giveu  in  etjuatiun  (1)  iu  niakiug 


r 


v: 


(2). 


The  argument  in  favour  of  this  riew  iH  that  if  ono  holdg  a  tube 
bent  at  right  angles  iu  a  stnam  of  water,  so  that  ono  branch  is 
liorizontttl  and  facing  tho  8trtiun  and  tho  other  vortical,  the  water 
will  rise  to  such  u  height  as  would  give  u  velocity  of  ofllux  e<^ual  to 
tho  Btroam  velocity ;  this  is  given  by  Torricelli's  theorem,  namely, 


where  g  is  the  acceleration  duo  to  gravity  and  h  is  the  height  of 
the  free  surface  above  tho  jHjint  of  efflux.  If  it  bo  assumed  that  no 
energy  is  dissipated,  but  thut  tho  sum  of  the  kinetic  and  ]>otcntial 
energies  is  constant,  the  formula  follows  from  D.  Bemouilli's  theory.f 
If  p  the  density  of  the  fluid  is  introduced,  o<}uation  (3)  may  be 
written 

Comparing  [i)  with  (1)  and  applying  both  indifferently  to  all 
fluids,  one  notes  that  tho  pressure  to  \mj  LXi>ected  corresj>oiuliiji,'  to 
a  given  velocity  and  density  is 

P  =  V^  p  by  the  assumptions  leading  to  (1); 

and  ^'  =    2        "      »'  "  »»         »»  (*)• 

But  tho  {tressure  calculated  by  (I)  is  tiie  preaenre  required  to 
destroy  the  momentum  of  tho  imi>iuging  stream  ;  and  this  of  coarse 
does  not  occur  in  practice. 


*  "  Nature."  vol  Ix.  pt«e  449. 

t  Lauib'a  "  HydrodjnamioK,"  pa^c  'Ji.;. 
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Tlio  pressure  required  by  (4)  is  clearly  the  pressure  required 
to  destroy  half  the  momeutum.  If  this  is  correct,  a  very  ready  way 
is  obtained  of  estimating  the  effect  of  small  obstacles  of  this  kind 
on  the  energy  of  a  stream  of  fluid. 

Professors  Poynting  and  Lamb  have  independently  been  good 
enough  to  draw  the  author's  attention  to  the  work  of  Kirchoff* 
and  Lord  Rayleigh,f  from  which  it  appears  that  the  loss  of  momentum 
experienced  by  that  part  of  a  stream  impinging  on  a  lamina  is 
0  •  440  of  the  total  momentum  corresponding  to  the  breadth  of  the 
lamina,  the  length  being  left  out  of  consideration  so  as  to  get  a 
two  dimensional  problem. | 

Equation  (4)  may  be  adopted  as  a  working  formula,  by 
introducing  a  function  of  the  velocity  as  a  correcting  term  to 
represent  in  a  rude  way  the  result  of  the  viscosity.  Also  in  general 
the  motion  is  turbulent  instead  of  being  steady,  as  assumed  above, 
and  the  turbulence,  other  things  being  equal,  is  less  the  greater 
the  viscosity.  The  equation  will  therefore  stand,  grouping  these 
causes  of  imperfection  under  one  symbol. 

r=<Kr)^'^  (5). 

Now  it  appears  that  in  practice  (f>  (F)  is  very  nearly  a 
constant  whose  value  is  nearly  unity,  when  applied  to  velocities  of 
air  such  as  one  usually  deals  with  in  pipes — say  from  100  to 
2,000  feet  per  minute  in  a  pipe  of  one  or  two  feet  diameter — though 
the  question  has  never  been  sharply  examined.  So  far  as  the  author 
has  been  able  to  find,  it  has  never  been  suggested  that  the  constant 
as  generally  used  is  a  function  of  the  velocity  at  all,  but  it  seems 
reasonable  to  regard  it  as  such. 

For  practical  purposes,  however,  the  author  will  begin  by  putting 
0  (F)  =  K — where  K  is  a,  dimensionless  quantity  approximating 
to  unity,  and  the  working  formula  becomes 


V=K 


V^/  (6). 


*  "  Zur  Theorie  freier  Flussigkeitsstrahlen,"  Crelle  T.  70,  1869. 
t  "  Philosophical  Magazine,"  May  1876. 
J  Lamb's  "  Hydrodynaujios,"  page  109, 
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or  if  the  lUAUuiuotric  fluid  iit  iho  MUie  m  the  fluid  wbuiie  Tolucitj 
it  the  8ubjcct  uf  ue««urc*ujent. 


'=A'^2yA  (7). 


It  will  be  bIiuwu  Utar  that  whcu  dealing  with  raoh  Btreanui  of  gaa 
&8  hare  boou  oxtmiuod,  thu  tarbuluuoo  though  iimrkud  iji  not  Huch 
M  t*»  priKluce  auy  groat  efloct  on  the  direction  and  magnitude  of  the 
inHtautauoitus  velocity  of  u  j)articlo  forming  i>art  of  the  Btream.  In 
other  wordu,  tho  velocity  of  a  particle  of  such  turbuluutly  moving 
streams  is  very  marly  that  of  tlio  strcum  itiielf.  If  the  progress  of 
a  particle  dt>wn  tho  pip«  were  watched,  it  would  not  movo  in  a 
straight  line,  but  at  every  instant  its  velocity  parallel  to  tho  axis 
would  be  far  gri*ater  than  its  velocity  in  any  other  direction. 

In  the  practical  application  of  the  Pitot  tube  to  the  measurement 
of  tho  velocity  of  fluids  flowing  in  pipes,  one  is  met  by  the  difficulty 
that  tho  mean  pressure  of  the  fluid  is  generally  above  or  below  the 
atmospheric  pressure.  In  order  to  ascertain  the  preasure  set  up  in 
the  Pilot  tube,  it  is  therefore  necessary  to  make  use  of  a  differential 
manometer,  one  limb  of  which  is  connected  to  the  Pitot  tube  and  the 
other  to  a  so-called  "side-gauge."  It  has  been  shown  by  lleenau 
and  Gilbert  *  that  if  the  side-gauge  be  provided  with  a  wide  flange 
at  the  mouth,  Fig.  7  (page  276  ),  tho  condition  is  approximately 
satisfied.  In  many  cases,  practically  where  extreme  velocities  are 
not  involved,  it  is  just  as  good  iu  practice  to  use  a  small  hole  bored 
through  the  side  of  the  pijK,'  carrying  tho  stream  under  investigation, 
taking  care  to  make  the  connection  in  such  a  manner  that  nothing 
projecta  beyond  the  inner  surface  of  the  pipe.  This  is  practically 
c<iuivalent  to  connecting  one  limb  of  the  manometer  to  a  layer  of 
fluid  at  rest,  and  is  the  method  which  was  generally  employed  by 
Darcy.  It  must  be  remembered  that  if  the  Pitot  tube  occupies  the 
centre  of  the  stream,  the  mean  pressure  at  that  point  (and  it  is 
really  this  which  is  rei{uiredj  is  different  from  the  me*n  proasorv  at 
the  edge  of  the  stream,  though  both  oiM3uin^'8   Hi-  in  tlm  itanie  cross* 

•  I*n*«tH]inj,'«,  Institution  of  Civil  Khj.:.-  ^.m,  toL  cxxiii,  pago  272. 
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section  of  the  pipe.  Except  in  extreme  cases,  liowever,  tliis  pressure 
diflforence  is  negligible.  If  a  piece  of  thin  walled  tubing  is  inserted 
in  tbo  stream  so  as  to  lie  mth  its  long  axis  perpendicular  to  the 
stream  lines,  the  moving  fluid  mixes  at  its  mouth  with  the  fluid 
at  rest  in  the  tube,  and  imparts  some  motion  to  it,  tending  to 
make  it  leave  the  tube.  In  consequence  of  this,  a  negative  pressure 
or  "  suction  "  makes  its  appearance.  If  the  walls  of  the  tube  are 
very  thin  and  the  tube  perpendicular  to  the  undisturbed  stream 
lines,  this  suction  amounts  to  nearly  as  much  negative  pressure  as 
a  ritot  tube  placed  at  the  same  point  would  give  of  positive 
pressure.  Most  experimenters  have  tried  to  make  use  of  this  effect 
in  order  to  increase  the  manometer  reading,  but  experience  shows 
that  this  is  to  court  disaster.  In  the  first  place,  there  is  no  proper 
hydrodynamic  theory  of  the  mode  in  which  the  suction  is  set  up 
to  act  as  a  guide  in  practice;  and  in  the  second,  the  slightest 
alteration  of  the  shape  of  the  mouth  piece,  or  of  its  inclination  to 
the  stream  lines  leads  to  a  variation  in  the  amount  of  suction. 
The  law  connecting  the  velocity  with  the  suction  is  also  unknown, 
except  in  so  far  as  the  author  has  determined  it. 

The  present  investigation  embraces  the  following  points  which 
will  be  dealt  with  briefly  in  the  text,  full  details  being  given  in  each 
case  in  the  appropriate  Appendix. 

1.  The  construction  of  a  suitable  manometer  for  observing  the 
small  differences  of  pressure  to  be  dealt  with. 

2.  The  investigation  of  the  influence  of  the  shape  of  the  Pitot 
gauge  tip  on  the  pressure  set  up. 

3.  The  investigation  of  the  reliability  of  side-gauges. 

4.  Relation  between  the  velocity  of  air  currents  and  the  pressure 
developed  in  Pitot  and  other  gauges. 

5.  Investigation  of  the  distribution  of  velocity  of  gas  streams  in 
pipes. 

6.  Investigation  of  the  distribution  of  velocity  considered  as  a 
function  of  the  velocity  itself,  and  comparison  of  the  results 
obtained  when  measuring  streams  for  delivery  by  the  Pitot 
tube,  with  the  actual  volume  of  gas  delivered  as  measured  by  a 
gas-holder. 
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7.  Somo  applicutiuuii  uf  Uio  roHulU  ubUinod  to  actual  ouginooring 
probloma,  iududiug  an  acouuut  of  a  uew  »yHU;in  of  infenmtial 
gM-moten. 

In  AppouJix  I  (|>agu  27 Ij  and  Fig.  5  (p*go  273)  an  apimrmtus  u 
doacribod  by  uiuaiia  uf  >vLich  a  diffcruiioo  of  IotoI  of  two  liquidit — 
aapposiug  tlio  8aiuu  tu  bu  siixall— can  bo  nioaaurod  with  ocrtaiutj  to 
within  0*01  milliuiotre.  This  rosult  iH  obtained  by  uHiug  largo 
enough  areas  to  bo  free  of  capillary  uncertainties,  and  by  ascertaining 
the  jKMUtiou  of  free  liquid  surfaces  by  adjusting  them  tt>  contact  with 
fine  noodle  points.  Thu  a])])aratu8  is  so  built  that  the  actual 
moasurcmcut  is  made  by  Ternic-r  callipers  or  micrometer  i>crews, 
and  all  attciniits  at  obticrviug  scales  through  the  walls  of  gloMi 
tubes  is  avuidod.  An  improvod  funn  of  iui«trument  on  these  linos 
is  manufactunxl  by  the  Cambridge  Scientific  Instrument  Co.,  under 
licence  from  the  author. 

An  apparatus,  Appendix  IV  (pAgo  287),  consisting  of  a  pipe  about 
109  feet  long  by  21  inches  internal  diameter  of  thin  iron-tubing,  was 
sot-up.  A  fan  driven  by  an  eugino  was  employed  to  produce  air  streams 
of  various  velocities  in  this  pipe.  The  £j)oed  of  the  engine  was  kept 
constant  by  hand,  and  observations  were  repeated  as  often  as  was 
necessary  to  eliminate  irregularities  in  the  driving.  Two  extreme 
types  of  Pitot  mouth-piece  were  investigate*!,  one  consisting  of  a 
parallel  hole  1  mm.  diameter  bored  through  a  bit  of  ebonite  roil,  and 
the  other  of  a  funnel-sha]»ed  nozzle  with  an  opening  of  2  *  3  cm.  at  the 
mouth  tajK'Hug  to  about  0*5  em.  at  the  base  3-3  cm.  away.  Table  3 
in  Appendix  II  (page  278)  shows  that  the  differences  in  tliis  extremo 
case  are  so  small,  that  it  may  bo  taken  that  as  between  difl^irent 
cylindrical  thin  walled  tube  mouth-piecos  they  are  negligible. 

A  largo  number  of  exiKrimeut^  intended  to  test  the  r  '  '  '  *v  of 
the  flanged  side-gauge  were  miule  by  nieaMuring  the  pressii;  .co 

from  various  points  uour  the  free  end  of  the  pipe  agaixu>t  the 
atmosphere ;  both  with  a  Pitot  tube,  a  side-gauge  with  flange,  and  a 
aide-gaugo  with  flaugu  having  its  aperture  more  or  leas  closed  by 
cotton  wool.  The  result  was  that  no  suction  oould  bo  detected  with 
certainty  in  a  case  where  a  thin  walled-tube  would  have  given  3  or  4 
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mm.  Owing  to  unsteadiness  in  engine  driving  it  was  impossible  to 
do  more  than  sliow  that  suction,  if  it  existed,  did  so  only  to  an  extent 
of  one  or  two  per  cent,  of  the  amount  produced  by  a  similarly 
situated  thin  walled-tube.  As  the  currents  of  air  with  which  the 
author  has  to  deal  are  such  as  will  only  give  a  few  millimetres 
suction  in  any  case,  it  was  not  considered  worth  while  investigating 
the  point  for  much  larger  velocities — more  particularly  in  the  light 
of  Heenan  and  Gilbert's  results. 

On  the  other  hand,  during  two  years'  constant  experimenting  on 
the  distribution  of  gas  and  air  velocity  over  the  cross  section  of 
pipes,  flanged  side-gauges  of  various  forms  have  been  employed,  as 
well  as  small  holes  bored  through  the  walls  of  the  pipes  without 
interna]  projection,  and  the  results  obtained  with  these  different 
forms  of  apparatus  have  been  constantly  compared.  In  no  case  has 
any  material  difference  been  noticed  between  the  indications  when 
using  a  flanged  gauge  and  when  using  a  small  aperture.  It  is 
hardly  likely  that,  if  any  appreciable  suction  exists,  it  would  always 
occur  to  the  same  extent  with  all  the  gauges  and  apertures 
employed ;  and  the  conclusion  is  that  for  all  practical  purposes  the 
suction  is  zero  with  a  small  aperture  or  with  a  flanged  gauge  made 
according  to  Heenan  and  Gilbert's  description. 

A  combination  of  a  Pitot  tube  with  a  side-gauge  of  thin-walled 
pipe  giving  the  maximum  suction  has  long  been  employed  by  those 
engaged  in  administering  the  Alkali  Acts,  Fig.  6  (page  275).  For 
several  reasons  it  was  decided  to  begin  by  investigating  this 
arrangement  by  means  of  currents  of  air  of  known  velocity.  The 
investigation  required  considerable  experimental  preparations ;  it  is 
only  necessary  to  state  here  that  the  method  adopted  consisted  in 
blowing  a  current  of  air  down  a  long  pipe,  and  impressing  the 
peculiarity  of  a  smoke  puff  upon  it  at  the  entry  end  by  the  explosion  of 
a  minute  charge  of  a  special  powder.  The  time  signals  were  given 
electrically,  and  were  recorded  on  a  smoked  glass  plate  chronograph 
of  the  usual  kind.  There  was  no  difficulty,  except  in  regard  to  keeping 
the  engine  at  a  sufficiently  constant  speed.  The  question  arises  as  to 
how  nearly  the  time  taken  by  a  jDuff'  of  smoke  in  travelling  down  a 
pipe  can  be  taken  to  rej^rcsent  the  actual  motion  of  air  in  the  pipe. 
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Tho  oxjiluhittii  wiiH  Kuflicient  to  distribuU)  tlio  Hmoko  oTor  tho  wbulo 
l»i|K)  s«x:ti«ju,  but  imt  largo  tiiougb  to  jtnject  tbc  Ktnoke  down  tbe  pijie 
witb  any  volc^-ity  wbicb  could  affoct  tbo  renultH.  Tbo  oUjcrvor 
uutiDg  tbu  arrival  of  tbe  siuuke  uotod  the  imitaut  of  its  firvt 
apixjamnco  iu  tbt<  ctutru  of  tbu  jiipo  ;  aiid  abio  tbo  iiuBtunt  wb<  li  it 
luigbt  \k'  cousidured  to  buvti  cloarcd  off — u  mucb  more  indetennii.tt' 
opocb.  Tbo  average  of  tbc  periods  covenxi  betweeu  tbo  first  and 
last  ttj>p«.arauco  of  suioke  is  takou  to  repreeout  rougbly  tbo  meuu 
time  of  transit— or  t<.)  givo  a  velocity  wbicb,  wbou  multipliod  by  tbo 
area  of  tbc  pipe,  will  yield  tbo  "  delivery."  It  will  be  sbown  later 
that  tbo  proper  way  to  do  tbis  is  from  tbo  velocity  distribution 
curves.  Tbere  is  reason  to  believe,  as  will  be  sbown,  tbat  tbe  first 
upi»earaucc  of  tbe  smoke  is  very  approximately  a  measure  of  tbe 
velocity  of  tbe  stream  near  tbe  axis  of  tbe  pipe,  and  it  is  therefore 
tho  maximum  velocity  with  which  one  is  hero  concerned  and  wbicb 
operate<l  on  tbe  gauges  situated  at  tbo  centre  of  tbe  pipe.  A  glanco 
at  tbe  curves  AA,  BB,  Fig.  li  (page  251),  giving  tbo  results  with  tbe 
Fletcher  gauge,  will  make  it  clear  that  with  this  particular  sot  of 
gauges  at  all  events — tbe  relation  between  gauge  reading  P,  and 
velocity  V — in  any  units  is  not  P  =  K  V-,  where  A'  is  a  constant, 
but  P  =  KV",  where  m  is  greater  than  2. 

Subject  to  the  above  limitation,  it  appears  tbat  tbe  suction  is,  aa 
assumed  by  other  writers,  nearly  equal  to  the  Pitot  member  pressure, 
or  the  gauge  reading  is  about  doublo  of  tbat  duo  to  tbo  I'itot  tube 
ulouc.  It  soon  became  obvious  that  the  failure  of  tho  Pitot  and 
suction  couibinatiou  Ui  give  results  ex]»reKsible  by  tbe  simple  formula 
«iUoted  above,  as  well  as  tho  dependence  of  tbe  results  on  tbo 
particular  suction  member  chosen,  rendered  it  hopeless  to  pursue 
this  investigation.  Accordingly  a  second  series  of  experiments  was 
institutes! ;  this  time  using  a  Pitot  tube  and  flanged  side-gauge, 
curves  CC,  DD,  Fig.  2  (page  251).  Tho  results  aro  so  consistent 
with  the  expression  P  =  AT-,  tbat  it  was  not  possible  to  draw  a 
curve  according  to  tliis  formula  and  cutting  tbe  experimental  curve 
which  did  not  coincide  with  tbe  latter.  In  other  words,  within 
the  limit  of  the  experimental  errors — the  aboye  expression  exactly 
covers  the  behaviour  of  the  Pitot  tube.     If  one  refers  to  etjuation  -1 
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(pago  247)  and  puU  iu  tho  valucni  fur  tho  ilcuiuty  of  air  actually 
employiHl  in  tho  oxjioriiueut,  naiiioly,  baruuictur  760'  mm.,  and  air 
half  Httturutoil  ml  IG  C,  it  in  fuunJ  that  the  eurvo  drawu  to  fit  tho 
ubnofTatiomi  is  ux))ruaaoU  by 

F  =  771  \/Pro88uro  iliflfuruucu  iu  mm.  uf  water. 

V  buiug  iu  foot  JH-T  uiimitc.  Tho  thml  ro«ult  it*  velocity  iu  foot  i»er 
Boooud 

V  =  12 '45  ^/Pitot  tubo  prtsuuro  iu  mm.  of  water  for  air  uudor 
Btaudard  coiiditioug.  If  tho  air  l>o  taken  tui  half  8atunitod  ut  700°  mm. 
j>n**>urt:  and  ut  10  C,  the  cuuhtaut  Ux-umob  12*515.  Tlii^  !•-  thu 
samu  afi  O(|uutiou  1,  if  it  is  written — 

F=  0-9739  y/^'' 

where  V  is  tho  velocity  in  cm.  jKr  second  ;  1*  is  tho  Pitot  tube 
profisoro  iu  dynes  jK-r  cm.-  ;  and  /j  is  the  density  of  the  t;pu>  iu 
grammoK  per  cm.^ 

The  coufitaut  0-9739  indicates  possibly  that  the  flange-gauge 
does  give  a  slight  suction  in  6]iite  of  all  eflorts  to  the  contrary  ;  it 
is  hardly  likely  that  tho  Pitot  tube  pressure  should  excetxl  tho 
maximum  laid  down  iu  equation  4. 

(5 1.  The  }fuJf  of  Mi'tiun  of  the  Gas  Stnam.—li  is  generally 
assumed  iu  practice  that  currents  of  gas  iu  pipes  aro  iu  turbulent 
motion,  at  all  ovouts  for  velocities  of  enginooriug  importance.  It 
lioemeil  to  the  author  dosirable  to  obtain  some  definite  infurmatiuu  on 
this  jKjiut,  bef.tro  endeavouring  to  interpret  tho  results  of  the 
measurements  made  by  observing  the  smoke  of  small  explosiuus. 

For  this  purpose  a  geutle  stream  of  smoky  air  was  introduced  iu 
tho  main  stream  of   tho  ex;  .tul  pi{>o   above    described.     The 

smoke  employed  was   pht-,  peutoxidt-  which    gives   a   very 

persistent  fume,  and  is  easily  produced  by  placing  a  little  buruing 
phusphorus  ou  tho  bottom  of  u  small  tin  canister,  through  which  the 
air  is  driveu  on  its  way  to  the  main  stream.  Tho  smoky  air  was 
cooled  down  on  its  way  to  tho  experimeutal  pipe  and  was  led  into  tho 
main  stream  by  means  of  a  sort  of  facing  gauge,  but  in  this  case 
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facing  down  stream.  Tlio  inlet  was  about  twelve  feet  from  the 
delivery  end  of  the  experimental  pipe.  The  progress  of  the  mixing 
of  the  smoky  air  with  the  rest  of  the  stream  could  be  observed 
through  some  holes  in  the  side  of  the  pipe,  and  by  looking  in  at  the 
open  end.  The  large  diameter  of  the  pipe  (22  inches)  was  of  service 
in  this  connection. 

It  was  found  that  the  smoke  emerged  from  the  pipe  as  a  stream 
about  15  inches  in  diameter  when  the  fan  made  140  revolutions  per 
minute.  The  air  current  was  varied  from  this  point  to  a  velocity 
corresponding  to  the  lowest  velocity  observed,  but  in  all  cases 
the  smoke  came  through  in  a  thick  column.  Since  this  only 
required  a  length  of  12  feet,  it  is  clear  that,  in  interpreting  the 
velocity  experiments  made  on  over  100  feet  of  pipe  length,  it  is  safe 
to  regard  the  smoke  produced  by  the  explosion  and  the  air  as  being 
thoroughly  mixed  up. 

Interpretation  of  Velocity  Experiments. — At  the  moment  of 
explosion  the  smoke  is  distributed  in  a  more  or  less  symmetrical 
manner  across  the  pij^e  section,  so  as  to  form  a  plug  of  smoky  air 
filling  a  certain  length  of  pipe.  In  the  case  of  viscous  flow,  as  this 
plug  passes  along  it  gets  drawn  out  at  the  central  part,  becoming 
cigar  shaped  in  front,  so  that  by  the  time  it  reaches  the  open  end  of 
the  pipe  it  forms  a  hollow  shell.  The  turbulence  of  the  stream 
examined  however  intervenes  to  equalise  the  motions  of  the  various 
smoke  particles,  so  that  what  is  seen  at  the  ojjen  end  of  the  pipe  is 
a  thin  leading  stream  in  the  centre  quickly  broadening  to  an 
apparently  solid  cloud,  and  ending  in  some  whisps  of  smoke 
clinging  to  the  sides  of  the  pipe. 

It  has  been  assumed  that  the  leading  stream  consists  of  those 
particles  which  have  not  deviated  appreciably  from  a  central  i)ath, 
and  therefore  fairly  represent  the  average  velocity  of  the  central 
filaments.  Similarly  the  final  trace  of  smoke  represents  the  motion 
of  the  air  close  to  the  walls  of  the  pipe.  It  is  estimated  that  about 
one-thousandth  part  of  the  smoke  actually  employed  could  not  escape 
detection,  and  if  the  distribution  of  the  velocities  of  the  smoke 
particles  be  regarded  as  sulyect  to  the  law  of  distribution  of  errors. 


rni.  I9(M.  TBLOCI1T   OW  QAIKS   fN    flPli.  257 

it  appoara   tliat   there  in  orery  re— on  to  suppoeo  Umt  the  aburo 
awnmptioM  are  appntxiniAtoly  corrt^^t 

The  **  mean  Telocity  "  lut  tuluiUUxl  in  the  ezperimeBte  deacribod 
u  uhtainoti  by  ashling  togothur  the  time  requirod  fur  the  fir«t  and 
last  apiK-aranoe  of  snioku  aud  dividing  by  2.  Thin  iit  <|uite  arbitrary, 
baoauso  no  doubt  Homo  Bmoku  will  continue  to  bo  gireu  off  by  the 
aidoB  of  the  jtiiK)  fi>r  uu  infuiitc  tinu*,  but  thin  again  iji  eecu  to  bu 
unimportant  in  \Wvr  of  the  mpid  way  in  which  the  number  of 
partioloa  having  velcK^-ilic-ij  diflfuring  fn>m  the  niuan  fullH  off  an  tlio 
degree  of  deviation  incroauts.  The  moan  velocity  i«  thus  nmgljly 
(in  spite  of  the  arbitrary  way  of  ajicortainiug  it)  the  Telocity  with 
which  the  main  plug  of  smoke  travehi  down  the  pil>o,  and  iit 
ahk)  roughly  the  velocity  which  must  be  multiplier!  by  the  area  of 
crofis  section  to  get  the  ]>ipu  delivery.  From  a  reference  to  the 
Tables  and  curves,  Fig.  2  (page  254),  it  will  be  seen  that  the  mean 
Telocity  thus  estimated  bears  a  fairly  constant  ratio  to  the  maximum 
Telocity. 

Oh  tht'  Distribution  of  Velocity  Acro$$  a  Pijte  Section. — It  was 
shown  by  Darcy  that  in  the  case  of  water  flowing  through  a  long 
smooth  pi]>e,  there  exists  a  circle  whoso  radius  is  U'C89  of  the 
radius  of  the  pipe,  which  circle  is  the  locus  of  points  through 
which  the  stream  has  the  lutuu  vchx-ity.  The  mean  velocity  is 
defined  as  that  velocity  which,  when  multiplied  by  the  area  of 
Section  of  the  pipe,  will  give  the  delivery.  It  has  hitherto  btxn 
usual  to  apply  this  result  of  Durty's  to  the  flow  of  gases  gentrully, 
without  investigating  whether  the  condition  stipulated  as  to  length 
of  pipe  is  sufficiently  satisfied. 

It  may  be  statud  at  once  that  in  dealing  with  ordinary  currents 
of  air  or  gas,  as  occurring  in  every -day  practice,  the  condition  as 
to  length,  or  some  other  condition,  is  not  satisfied,  aud  it  becomes 
necessary  to  investigate  the  distribntion  of  velocity  for  each 
particular  case  as  it  arises.  Assuming  that  this  has  been  done  in 
any  particular  case,  the  further  question  arises  as  to  whether  the 
distribution  of  velocity  remains  similar  to  itself  as  the  velocity 
Tariea,  for,  nnlefs  this  is  the  case,  the  whol*  ayatem  of  gauging  by 
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tlio  Pitot  tube  would  1)0  for  metering  purposes  without  any  practical 
siguitieauce. 

The  author's  oxperiments  on  this  subject  have  now  oxtonclcd 
over  more  thau  two  years,  and  the  result  is  unmistakable,  namely, 
that  within  the  range  of  velocities  that  have  been  examined, 
extending  from  600  to  3,500  feet  per  minute,  the  distribution  of 
velocity  is  not  a  function  of  the  velocity  itself,  not  even  in  those 
cases  in  which  it  is  very  irregular  and  widely  different  from  the 
ideal  distribution  as  formulated  by  iJarcy.  Some  of  the  experiments 
wore  made  with  currents  of  air  supplied  by  a  fan  driven  electrically, 
others  by  timing  the  fall  of  a  gas-holder  of  about  22,000  cubic  feet 
caimcity,  the  latter,  of  course,  having  the  advantage  of  supplying  air 
or  gas  at  a  known  rate,  and  thus  giving  a  complete  control  of  the 
whole  gaugiug. 

In  regard  to  the  investigations  made  by  means  of  a  fan,  the  great 
difficulty  lies  in  securing  uniformity  of  driving.  A  great  deal  can 
bo  done  by  the  observer  having  electric  measuring  instruments  under 
his  eye,  and  regulating  resistances  under  his  hand:  but  the  most 
satisfactory  method  of  all  is  to  employ  a  subsidiary  Pitot  tube 
and  side-gauge  in  connection  with  a  delicate  manometer.  Fig.  4 
(page  272).  Practically  the  same  experimental  conditions  as  those 
used  by  Darcy  were  employed  throughout  the  investigation.  A  steel 
tube  about ;[  inch  diameter  was  provided  at  the  centre  of  its  length 
with  a  small  mouth-piece  at  right  angles  to  its  axis,  so  that,  when 
it  was  placed  across  an  air  stream,  the  mouth-piece  faced  the  stream 
and  could  be  moved  to  any  point  in  a  diameter  of  the  jiipo  under 
investigation.  Suitable  scales  were  placed  in  position  outside  the 
pijie,  so  that  the  position  of  the  mouth-piece  could  be  accurately 
ascertained  at  any  time.  The  side-gauge  was  sometimes  used  in 
the  form  of  a  flanged  gauge,  and  sometimes  as  a  simple  opening 
into  the  pipe  as  already  described. 

In  regard  to  the  reduction  of  the  observations,  the  usual  course 
was  to  gauge  right  across  one  or  two  diameters  of  the  pii^c,  taking 
observations  most  frerjuently  as  the  Pitot  tube  apjiroachcd  the  walls 
of  the  pipe.  From  these  observations  the  velocity  distribution-curve 
was  plotted,  Figs,  fi  and  9  (page  280).     The  delivery  of  the  pipe  was 
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MoertAiuod  hy  I'rtJttkui^  u]i  tho  noltlMI  iuto  »  nullicituit   i.  r    >  f 

•helU,  finding  Uio  mt«u  Tolucitj  ftir  Moh  klivU  frt^m  Uio  l  .rv_  ^.1 
Uittn  oomputing  iU  dolivory.  As  tho  dutributiona  wero  uflcu 
imgnUr,  thia  wm  ptmcticallj  the  uuljr  way,  and  it  vaa  fuuud  that 
in  gttoorml  it  waa  amply  Bufficimt  tu  num  abuut  15  ahellji  iu  urder 
lo  obliin  a  raault  witliiu  \v^  tiiau  1  |wr  ocut.  uf  tlio  tnio  valov. 
The  number  uf  ahulU  uouoHMiry  uf  courau  depcudod  un  thu  funn  uf 
thu  distribuUuu  curvi*. 

Iu  Ap]>tiudix  III  (pagea  279  to  286^  will  bo  fuund  a  oumjilcUi  net  uf 
the  rosulta  uf  gauging  a  {tarticular  atruam,  together  with  examplea 
of  the  distributiuu  curTua.  Tho  whule  iuveatigation  is  aummarijuxl 
iu  Table  1  ( pftgeB  26U-2C5j. 

Au  iuspectiuu  of  thu  Table  will,  it  is  belicrtMl,  justify  tho 
fuUuwiug  pru]M>iiitiuua : — 

1.  The  radius  uf  tho  circle  of  muau  velocity  is  about  0*775  of 
the  radios  uf  the  pipe  through  which  gas  is  duM'iug,  iu  the  ca^o 
of  pipes  which  are  not  infinitely  long  but  comparable  iu  length  with 
those  ompluyud  in  connection  with  gas-producer  plants. 

2.  One  case  of  a  gas  main  15-75  inches  in  diameter  was 
examined  at  a  distance  of  about  10  yanls  from  the  nearest  bend; 
in  this  pipe  the  radius  of  mean  velocity  wus  certaiuly  about  0*9 
of  the  radius  of  the  pipe. 

3.  In  no  caae  was  a  radios  of  mean  velocity  so  low  as  0*6R9 
actually  fuund. 

4.  Whatever  the  distributiou  uf  veK>city  ubs^rvoil  at  any  one 
Telocity  may  be,  this  {)en>i8ts  unaltered  through  a  wide  range  of 
velocity  covering  the  cases  which  occur  iu  ordinary  practic«.  Tho 
highest  velocity  examined  was  3,600  feet  per  minute,  and  the  lowi-st 
fur  which  accurate  resolta  were    *  '  abuut  COO  feet  per  minuto. 

5.  Tho  ratiu  of  mean  to  :  .  a  velocity  is  unexpectedly 
constant  over  a  wide  range  of  velocity  and  very  varied  mode  of 
distributiou.     The  average  value  is  abuut  0*873. 

G.  Since  iu  any  practical    case,  where  accuracy  is  MooMary,  a 

calibratiun  of  the  pipe  for  distribution  uf  velocity  most  be  made,  it 

is  immaterial  where  the  Pitut  tube  is  placed.     8ince,  however,  the 

velocity  is  in  general  greatest    at    the    centre,  it  is  coDTeniant   to 

( Cuniintud  un  page  366.) 
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TABLE  1  (continued  to  page  265). 


Date. 

Diameter  of  Pipe. 
Inches. 

GQ 

ti 

o  ^ 
^  p 

Maximum 

velocity  in  feet 

per  minute. 

Mean  velocity 
from  gaugings. 

Feet  per  minute. 

Radius  of 

mean  velocity. 

Eadius  of 

pipe  =  1-0. 

'o 
o 

CO 

> 

5 
H 

Delivery  by 
gauging. 

cub.  ft.  per  min. 

Dec.  \ 
1901.  / 

8-706 

8 

1218 

1130 

0-8432 

0-9278 

503-9 

14  Jan.  \ 
1902.    j 

35-70 

8 

1135-2 

1034-6 

0-8429 

0-9114 

7188-10 

Aug.l 
1902. j 

21-0 

7 

2005-8 

1875-4 

— 

0-935 

4511-4 

11-14  Mar.  1 
1902.      j 

21-3 

13 

119-6 

112-5 

0-8520 

0-941 

— 

11 -14  Mar.  \ 
1902.       f 

21-3 

13 

1 

650- 2 

617-9 

0-8474 

0-95 

— 

Fkh.  19(M. 


▼VLoorrr  or  oasu  in  vivkh. 
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lis 


m 


Bomarla. 


4'.U  •  1 


2-5 
(too  large) 


r  Air. — The  |ji|»e  wiuj  of  ■licet-iroD,  G  feet  lonp,  and 
forraiii;.'  iIh'  junction  betwet-n  two  other  piped  each 
12     inolicB     iliututtor;      the    oonncctiuii     bein^j     by 

IfliingtHl  ofdipliiijj.     Thi*  gjiu^reu  wt-re  at  the  centre  of 

Mhe  G-foot  length.  Tho  giutholder  only  UmjIc  4^ 
minutes  to  full;  neoesriitutin^'  about  ei^ht  tillingu. 
Barometer  7: JG- 4  ram.     Temi^raturc  8 •  5- C.     OUier- 

Uatiouu  on  one  iliameter. 


'302 


1-G 
(too  smnll) 


4510 


'  Moitil  Oa*. — A  Series  of  observations  (y)ntinut'U  over 
a  fortnight  were  made  on  a  large  gas-main  taking  the 
wholo  produce  of  the  pro^lucers.  During  this  time 
systematic  weighings  and  samplings  of  the  fuel,  gas, 
ashes,  dust  and  tar  were  made.  All  these  samples 
were  analysed.  The  actual  delivery  of  gas  is  based 
on  the  eurbou  known  U>  have  been  gasitied ;  and  the 
analysis  of  the  gas  giving  the  carbon  jier  cubic  foot. 


I  ^Observations  on  one  diameter. 


(too  large) 


Air. — The  mean  of  two  sets  of  measurements  made 
during  the  testing  of  a  lar^'C  alternator  (Journal, 
Elect.  Eng.  l;>o;i).  The  measurement  was  made  in 
a  eheet-iron  pi|te  about  15  feet  long;  the  air  being 
^ blown  in  by  a  fan.  The  calculuteil  delivery  is  based 
on  observation  of  the  rise  of  temperature  of  the 
air  stream ;  the  heat-supply  being  electrical  and 
accurately  measured  by  a  Kelvin  balance.  Observa- 
tious  oa  one  diameter. 


Air. — The  pipe  was  supplied  with  a  muBlin 
diaphragm,  so  as  to  test  a  regular  but  forced  mode 
of  dijstribution.  The  muslin  was  at  a  dijjtiiuee  of 
I«i  ft.  A  ins.  from  the  gauges,  and  the  air-eumnt  was 
produced  by  a  fan.     OUicrvatious  on  one  diameter. 


-lir. — Same  aa  ItMt,  but  a  higher  velocity. 
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TABLE  1  (continued  on  next  page). 


Date. 


P4 


0  Nov.  \ 
1SI02.     j 


li  Nov.  1 
1902.     / 


18  Nov.  \ 
1902.     / 


20  '^ov. 
1902. 


P.  Doc.    \ 
1902.     / 


Dec.    \ 
902.     j 


8  Dec 
1902 


12  Dec.  \ 
1902.     / 


15-75 


12 


12 


12 


a  § 


S^  g. 


o  p  .3 


IG 


16 


16 


16 


1912 


1667 


666-7 


2675 


3642 


16         2771-5 


16 


16 


1714-2 


2594 


1850 


1487 


589-7 


2341 


3187 


2455-5 


>. 

>^ 

c«  .■S  t«  O 

."S 

o  o  o  • 

.5  ^.S  II 

03    C    03   Q, 

i-l 

a 

C 

^. 

g 

i-i  .b 
.>P 

0) 

ft 

ce  (u 

■m    ■=* 

0-893 


0-766 


0-768 


0-773 


0-765 


0-77.' 


1526 


2332 


0-773 


0-801 


0-967 


0-862 


0-8845 


0-875 


0-875 


0-8861         — 


0-8872 


0-899 


Fk«.  1904. 


^iLooiTY  or  OAiiKti  m  I'lpu.  368 

{coHttHiud  un  next  page)  TABLE   1. 


1                  ■" 

BtunArkii. 

—         — 

/     Muml  f;<M  — Ti  Hi  iuimIu  to  boo  whi-Uier  tlie  tlifri-n.-ut 

lviKs»hity  of  MoikI    i;.-  «..(il.l  Imvo  !cv ,   i.i.. 

(effiftou   Hid  n-M                     nbutiuu  ol 
|oL»»frvulioiiH   wtr.                  i    thnc   tu  • 
Uiauii-tvr  of  tho  j-ipc. 

— 

1 
1 

I    Air. — Distribtition  in  a  smooth  cast-iron  pipe  foJ 
by  u  fuu  bltiwinj,'  Unit  into  ti  box   to  whk-h  tliu  jiipo 
wan    tonniftfJ.       Guugea    1(J    feet    fn>ni    Hr     box. 
Obi>crvatiou8  taken  ut  50  puintii  ou  Uiu  burizoutal 
diametvr. 

— 

-Itr— A«  (ibtvf.     Lower  velocity. 

— 

Air. — Ditto.     Iliglicr  velocity. 

— 

— 

Jir.— Ditto. 

1     .<«>. — A  .-                    I  iruii  I'ljK  — ,iiruii;;i.i  ;ci  lu  iLc 
jltibl  series                          i.tb.       (Jauj,'**    •_'•_'  5  fett  frv.uj   ! 
(box.     Fort)  -I. >ui  K.^oi  1  vatiuuii  aeiuw  a  diuiueter. 

Air. — Ditto.     ^Nime  series  of  oxperimoutb  as  last        i 

1 

— 

— 

- 

i 

—     1 

-4ir.— l»itto.                                                                           ' 
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TABLE  1. 


Date 


8  Jan.    \ 
1W6.     / 


1  Jan.     \ 
1UU3.     / 


Ph 


3  a 


So 


16 


16 


1:51 9- 4 


Ph 


o  -s  =3  ? 
«3  pi  5  S 

a 


1064 -6 


2472-6 


1U53 


0-737 


0-807     ,   18'jy 


0-721     t  0-790 


1835-5 


1  Jan.     \ 
1903.     / 


20  Feb.  \ 
1903.    / 


16 


16 


24  Feb. 
1903 


'■] 


16 


2406-3 


1961 


998 


976 


1692 


1545 


5  May  \ 
1903.     / 


0-725 


0-815 


0-845 


0-796 


0-978 


0-913 


16 


325-1 


298-1 


0-863 


0-917 


1866 


14  May  \ 
1903.     / 


1  jMay  \ 
1903.     / 


2]  JMay 
11 


16 


2429         2205       I  0-796 


16         2664 


2411  0-793 


0-908     I       — 


0-905 


Pen.  1904. 
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(evHcluticd  from  pa,je  2C0)  TABLE  1. 


Banarka. 


1881-3        om     k.  *^*i~**'l 

(to,  high)  )*""^'^^''''' 


•  Ur 


1880 

2-'J 
,  (too  low) 

1 

1     1880 

1 

1-28 
(too  low) 

— 

— 

— 

— 

1 
t 

J  ir— Ditto. 


.lir— Ditto. 


Air. — 8ix-iui'h  pi]v  with  baffle.     Distance  box  to 
—  ^gauged   3d   feet;    unil   from    baffle  to  gaugns  3  feet 

6  inchea. 


i     ilir— Ditto.       Box   to    balBe    SO    feet— baffle    to 

\gau-;ud  tJ  feet. 


-      I 


Air. — Ditto.     The    velocity    ia     too     kouJI     fcr 
accuracy.    The  tigun-s  obtaimd  luuiit   be   tegi<rdid 
(a«  approximate  ouljr. 


^ir— Ditto. 


^  I  r— Ditto. 


u  3 
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l^lace  the  tube  moutli-piece  at  tliis  point.  If  it  be  considered 
sufficient  to  dispense  willi  a  calibration,  then  the  results  indicate 
that  it  is  better  to  place  the  Pitot  mouth-piece  on  the  circle  of  radius 
0'775  (radius  of  pipe)  than  to  place  it  at  the  centre  and  to  assume  a 
ratio  of  mean  to  maximum  velocity  of  0*873. 

The  whole  investigation  was  directed  to  elucidate  the  problem  of 
how  best  to  measure  the  delivery  of  producer-gas  by  large  mains. 
It  was  therefore  considered  that  a  series  of  comparisons  of  delivery, 
as  deduced  from  Pitot  tube  readings,  with  the  same  quantity  as 
measured  by  a  gas-holder,  would  be  desirable.  A  six-inch  iron  pipe 
was  taken  and  calibrated,  and  six  experiments  were  made  by  allowing 
a  gas-holder  to  empty  itself  through  the  pipe.  Table  2  (page  267)  is 
intended  to  show  the  sort  of  accuracy  attainable  in  ordinary  every- 
day practice,  as  well  as  the  degree  of  consistency  that  may  be 
looked  for  in  a  series  of  measurements  of  this  kind. 

Some  ajp'plications  of  the  Measurement  of  Air  and  Gases  in 
Practical  Engineering  Work. — The  first  application  is  of  course  to 
the  measurement  of  producer  gas,  and  indeed  the  whole  investigation 
was  directed  to  that  end.  One  illustration  has  been  given  in  the 
summary  in  the  text  (page  260)  of  the  measurement  of  the  delivery  of 
a  certain  gas-main,  and  it  is  not  necessary  to  say  anything  more  on 
this  head.  As  soon,  however,  as  it  was  firmly  established  that  a 
Pitot  tube  in  an  invariable  position  could  give  an  accurate 
measurement  of  the  delivery,  a  hope  arose  that  an  apparatus  might 
be  constructed  which  would  give  a  time  integration  of  the  square 
root  of  the  Pitot-tube  j)ressure  and  hence  of  the  delivery  over  any 
period  of  time.  This  amounts  to  making  a  gas-meter  working  by 
Pitot-tube  pressure.  The  problem  has  been  solved  in  many  ways, 
some  of  the  resulting  mechanisms  being  described  in  British  Patent 
No.  21312  of  1902.  The  instrument  which  has  had  the  longest  trial 
(eighteen  months)  in  actual  work  is  selected  here  for  descrij)tion, 
because  it  has  shown  itself  reliable  over  the  whole  of  the  period,  and 
may  be  considered  to  have  reached  a  stable  form. 

The  principle  employed  is  the  following :  The  Pitot  tube  and 
side-gauges  being  placed  in  a  calibrated  gas-main,  a  small  pressure 
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diflfereuce  is  set  up.  This  pressure  difference  is  brought  to  bear  on 
a  bell,  which  is  hiiug  and  tied  down  by  springs  and  partially 
immersed  in  oil  like  an  ordinary  gas-holder.  The  tubes  are  so 
connected  that  the  pressure  difference  tends  to  depress  the  bell. 
The  force  acting  on  the  bell  is  continuously  balanced  electro- 
dyuamically  by  an  arrangement  of  six  coils  of  wire,  four  fixed,  and  two 
movable,  carrying  a  current  and  so  attracting  and  repelling  each 
other.  By  the  construction  of  the  meter,  the  current  is  self- 
adjusting  so  that  the  pressure  difference  is  always  exactly  balanced 
by  the  electrodynamic  force. 

Let  C  be  the  current,  P  the  pressure  difference  in  any  units,  A 
the  area  of  the  section  of  the  bell,  K  a  constant.     Then  when  the 

balance  is  exact 

PA  =  EC'; 
or 

P  =  C^  X  constant  (2). 

It  has  already  been  seen,  however,  that  with  a  properly  calibrated 
gas-pipe  the  rate  of  delivery  of  gas  (D)  at  any  instant  is 


^=V 


P  X  constant, 
or 

r  = 

Comparing  (2)  and  (4) — 


p  =  ?  w- 


Jb  -  C  X  constant  (5). 

The  delivery  over  a  period  of  time  T  in  any  units  is — 
T  CT 

D  dt  =  X  \  ^'  ^^^-i  where  x  is  a  constant. 
0  Jo 

Now   if    the    current    flows   through   an    ampere-hour   meter,  this 

instrument  gives  us  the  value  of      Q.  dt.,  and  hence,  when  x  is  known, 

J  0 

the  number  of  cubic  feet  or  cubic  metres  of  gas  delivered  can  be 

found  from  the  reading  of  the  ampere-hour  meter. 

To  calibrate  the  meter,  it  is  only  necessary  to  know  the  area 

of  the  cross  section  of  the  bell  and  the  current  required  to  balance 
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wjy  i>arUcalar  pruASuro  ililTorouoo.  Of  coumo  tho  iliutributiou  curTo 
of  tho  pijM)  whoro  tlie  Pilot  tulx*  is  placo«l  must  al8(»  bo  known,  and 
tlio  moan  density  of  tho  gas  whoru  it  pansos  thu  Pitot  tube.  All 
thuKo  quantitioH  arc  obtaiinetl  onoo  and  for  uU. 

Tho  drawing,  Fig,  3  Cpago  270  ),w  to  scale  and  it*  prattically  Kclf- 
oxplanatory,  tho  oloctritMil  connoctions  being  well  uuderHtood  are 
..mitttil  for  tho  siiko  of  distinctnoes.  Tho  gas,  both  from  tlio  Pitot 
ttilK)  and  sido-gaugo,  imissos  through  appropriate  fllterR  to  separate 
tar  and  water  without  interposing  a  back  pressure,  and  is  lod  U)  tho 
insido  and  outside  of  tho  IkjII  placed  in  its  casing.  Tho  bell  is 
attached  to  tho  ann  of  tho  tlectn>dynamic  balance  and  tho 
counter]>oi8o  is  atljnstud  till  some  of  the  weight  of  tho  bell  is  taken 
by  tho  balance  arm.  Tho  end  of  tho  arm  is  provided  with  contact 
stuils  playing  between  two  other  fixed  contacts,  so  that  a  very 
small  want  of  balance  of  the  arm  brings  one  or  other  set  of  contacts 
into  play.  Tho  contacts  work  separate  circuits  so  that  water  is  letl 
into  or  out  of  a  vertical  cylinder.  Floating  on  tho  water  in  tho 
cylinder  is  a  float  which,  by  means  of  a  cord,  varies  a  resistanoe  in 
the  balance  circuit. 

The  balance  circuit  contains  some  form  of  ami)ere-hour  meter — 
most  economically  of  tho  electrolytic  type — from  which  readings 
can  be  taken.  In  practice  it  is  found  that  a  copp  or  voltameter  is  as 
good  as  anything,  the  plates  being  changed  and  weighed  by  one 
of  the  boys  who  do  the  testing  at  the  producer  plant ;  it  Uxkes 
about  ten  minutes.  The  trouble  of  this  operation  is  really  not  felt, 
and  greater  accuracy  is  thus  secured  than  could  be  got  otherwise, 
except  by  nsiug  a  more  elaborate  ampere-hour  meter  for  which  larger 
currents  would  be  rocjuired  than  are  actually  needed  in  the  balance. 
The  apparatus  does  not  seem  to  get  out  of  order,  and  is  in  fact  very 
reliable  in  practice,  the  only  drawback  being  that  it  needs  a  supply 
of  a  few  buckets  of  chan  water  every  day  and  a  source  of  electric 
current  not  liable  to  interruption.  If  the  latter  be  at  100  volts, 
about  1/lOth  ami>ere  is  found  to  be  a  convenient  current  to  employ. 
Experience  obtained  with  various  forms  of  mechanically  intejirating 
met<irs  has  not  as  yet  extended  over  a  sufficient  i>eriiKl  to  justify  tho 
author  in  bringing  them  before  the  Institution. 
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Fig.  3. 
Fresx ure-Mea s n rinrf  Aj^jyira  t  an. 


Ina  72  C 

I  .  i  I  .  I  I  '  .  I 


( Foot 


K»i<-  !'<><■  VBLOOITY   Ot  0ABK8    IN   PI9M.  271 

Theru  in,  liuwovor,  a  HulMidiary  pieco  of  uppAnktuii  which  iu  mauy 
iuKtaiicvs  iH  more*  UKt'fiil  Umii  uu  inU-^raliii)^  iiioU-r.  ThiK  iK  calltMl  a 
"  ritrcaiii-gAUgu  "  by  thu  author  aiul  in  auAh*({ouH  t4)  the  auumometcr 
f  Mr.  W.  II.  Diiiott  in  opuration,  thoii^^h  tht<  ooiuitructiou  i»  very 
•lilTurout.  The  stroam-^^aiigu,  Fig.  4  ({Mgo  272  ),  is  pruvidod  witli  a  Rcalc 
lio  (lividtnl  thnt  the  angular  distanco  from  tho  zoro  is  pro{>orti<uial  to  the 
K()tuirL'  riMit  of  thu  niimlN*rs  from  0  to  lOO.  In  gonurul  a  circular  dial 
dividud  iu  this  niannor  in  employed,  and  by  a  Himple  oouKtructioD 
the  motion  of  u  sprin*,'  bell  of  suittiblo  dimengionK  in  brought  to  boar 
on  the  noodle.  Both  thiti  instrument  and  the  integrating  motors  aro 
manufactured  under  liconso  by  Messrs.  Chamberlain  and  Ilookham 
uf  Birmingham. 

The  author  desires  to  express  bin  thanks  to  his  assistant,  Mr. 
Dnidbury,  for  making  most  of  tho  measurements  reforroil  to  in  the 
Paper. 

The  Pajx^r  is  accompanied  by  five  Appendices,  and  is  illustrated 
by  !•  Figs,  iu  tho  letterpress. 


APPENDIX    I. 


Apparatim. — As  in  the  case  of  everyone  else  who  has  approftohed 
the  subject,  an  initial  attempt  was  made  to  get  a  pressure- gauge 
suitable  for  measuring  the  few  millimetres  difference  of  water  IoycI 
generally  available. 

The  principle  adopted  was  the  following.  The  wide-mouthod 
bottles.  Fig.  5  (page  273),  wore  half  filled  with  coloured  water  and 
c<innecte«l  by  a  syphon.  The  facing  and  side-gauge  tubes  were  put 
in  communication  re8]X}Ctively  with  a  free  sj>aco  in  tho  two  bottles. 
The  level  of  the  liquid  was  ascertained  in  each  bottle  by  adjusting 
a  movable  needle-iKjint  so  as  just  to  touch  the  surface.  Tho  uoedle- 
iHjiuts  formed  the  terminations  of  two  cylindrical  rods  working  in 
V  grooves,  and  prevented  from  turning  about  their  long  axes  by 
moans  of  arms  carrying  studs  which  were  kept  iu  contact  with  a 
flat  surface,  whose  plane  was  parallel  to  tht-  axes  of  the  V  grm>ves. 
These  arms  formed  two  jaws,  whoso  distance  apart  could  bo 
measured    by  a   vernier  callipers.     The   rods   carrying  the  needle- 
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Fig.  ■i.—Sfrram-Ginirie  (Threlfall). 
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points  ooulil  bo  ilepretwixl  by  iikuiuk  uf  millucl-headod  iterews 
workiuj»  on  their  upper  eudu,  the  rittiim  inution  being  offoctod  by 
B])inil  sj)ring8.  Tlio  noedlu-points  wore  j)aruffined  so  oh  to  prevent 
their  carrying  a  drop  of  water  after  every  odjuKtnient,  and  this 
precaution  suoctHxled  fairly  well.  The  neodlo-points  were  afterwardH 
hci\t  through  IHO    so  as  to  meet  the  surface  from  the  under  Kido, 

Fig.  5. 
Apftaralitt/itr  Meamrimj  Dijfrrenei-  of  fypel  nf  two  Liquid<  to  icilhin  UOl  mm. 


but  the  results  were  not  more  consistent,  and  as  the  apparatus  woe 
decidedly  less  accurate  in  a  bad  light,  the  method  was  given  up. 
It  might  be  better  to  use  small  balls  instead  of  points,  if  the 
contact  is  made  below  the  surface. 

A  largo  number  of  settings  of  this  gauge  were  observed,  both  water 
surfaces  being  open  to  the  air.     The  following  is  the  first  sot  of 
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observations  of  the  distance  between  tbc  external  surfaces    of  the 
jaws,  the  gauge  being  reset  for  each  observation. 

19-40  mai, 
0':]S  mm. 
0-88  mm. 
0-3S  mm. 
0-10  mm. 
0-no  mm. 
0-iO  mm. 
0-40  mm. 
0-41  mm. 
0-40  mm. 
0-:^S  ram. 

This  set  was  taken  before  any  practice  had  been  obtained  ;  with 
a  little  practice  one  can  be  quite  certain  of  being  within  ±0"01  mm. 
By  using  immersed  sj)heres,  attending  to  the  illumination,  &c., 
no  doubt  the  accuracy  could  be  considerably  increased,  but  the 
accuracy  obtained  being  ample  for  the  purpose  no  such  refinements 
were  attomj)ted. 

The  advantage  of  the  instrument  is  that  the  difference  of  level 
is  ascertained  by  the  most  direct  mechanical  measurement,  and  is 
free  from  en-ors  due  to  imperfect  graduation  of  glass  scales — 
irregular  refraction  through  the  walls  of  glass  tubes,  capillary 
uncertainties,  &c.  Some  years  ago  the  author  examined  one  of 
the  Darling  Brown  and  Sharp  vernier  callij)ers,  and  found  its 
errors  quite  negligible  for  the  jiresent  purpose.  Consequently  no 
examination  of  the  callipers  was  made  on  this  occasion.  In 
making  -a  fresh  instrument  it  would  be  more  convenient  to  set 
the  needle-points  by  micrometer  screws.  This  course  has  been 
adopted  in  the  instruments  now  made  by  the  Cambridge  Scientific 
Instrument  Co.,  which  can  be  set  to  within  ±  0  ■  003  mm. 


''•■•'  '•"»<  TtLocjTT  or  QARKfl  f*  rtn».  *275 


AITENDIX    II. 

Imftmenet-  of  Shujjf  of  Gitutjr  Tubf».~\u  thu  begiuuiug  tho 
auUiur'tf  auibitiuu  \«ui>  limitod  to  cuuuoctiug  tho  wlucitjr  uf  •  Htivuui 
"f  air  in  Uio  expuriuuuUl  pipe  with  tho  iotlicatiuuM  uf  the 
iiiu  niometor.  It  wuw  in.t  iX|H.ttf4l  to  finJ  auything  im»ro  thjiu  a 
I'Uiily  cjupiricul  n-ktiuii,  iiul  for  thiH  purposu  tho  chuico  of  a 
guugu  \\wi  limit^'il  unly  hy  tho  condition  tliat  tho  prossiut) 
difTcrouceti  ubtaiiiublo  lihuuhl  be  us  largo  aa  puaaihle,  and  that  thu 
gaugu  should  bo  o{  such  a  i>utt<rn  that  it  could  bu  cuisily  aud 
exactly  rcpruducud  if  it  aitt  with  un  iiccidcnt.  Tho  Fletcher  fonn 
of  gaagti  appeared  likely  to  give  tho  largest  prosaure-differeucei*, 
and  exi»eriuielitj>  were  made  witli  j^laiiii  tubes  iu  onler  t<»  fiud 
whether  slight  difleronces  iu  coUbtruetiou  would  ullect  the  reuultiug 
iudicatioiit),  aud,  if  bo,  to  what  degree.     Tho  result  of  these  trials. 


Fig.  ^.—FUtehrr  Gcmgm. 


\vLich  ueed  uut  be  further  coubidered  in  view  of  Heeuau  aud 
liilbert's  resultii,  was  to  show  that  the  best  resolta  ajtpeared  to  be 
giveu  by  pressure  uud  side-j^uugis.  Kith  Uiadc  of  thiu  tubes  aud 
teruiiuuted  by  edges  Iviug  iu  a  plaue  per|teudieulur  to  the  uxis  ff 
figure,  that  is,  cut  clean  across.  Considerable  diflereuces  were  fouud 
iu  the  pressure  differences  registered,  and  it  was  obvious  that  glahs 
was,  from  its  fragility,  by  no  means  an  ideal  luateriaL  Consecjueutly, 
two  standard  sets  of  Fletcher  gauges  were  luade  out  of  brass  tube-  uS 
nearly  alike  us  possible,  aud  were  so  rigidly  built  that  nothing  but  a 
serious  accident  could  harm  them,  Fig.  6.  These  gauges  will  be 
referred  to  as  Fletcher  "A"  and  Flttcher  '*  B."  The  Swan 
apparatus  was  too  light  aud  fragile  for  the  purpose  of  the  experiment, 
"T  it  Would  have  been  employe«l.     It  was  of  course  at  once  noticed 
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that  the  differences  in  the  gauges  were  much  more  dependent  on  the 
suction  than  on  the  pressure  member.  After  considerable  experience 
had  been  obtained  the  matter  was  ro-cxamincd  carefully,  the 
examination  being  directed  now  to  tLc  pressure  tube  alone,  on  the 
ground  that  for  it  some  sort  of  a  theory  existed  while  there  was  none 
in  the  case  of  the  suction  tube.  The  difficulty  of  the  comjiarisou 
lay  in  the  fact  that  the  simple  form  of  engine  employed  to  drive  the 
fan  worked  irregularly,  and  it  was  necessary  to  regulate  it  by  hand 
according  to  tlic  indications  of  the  tacheometer ;  even  then  Bi^cod 
variations  of  small  period  made  it  necessary  to  multiply  the 
observations. 

A  side-gauge   with    a    sharp   flanged    edge,   Fig.    7,  was   used 
throughout  these  trials,  and  was  situated  close   to  the  side  of  the 


Fig.  7. — Side-tube  Gauge. 


^;<^^n\\^\^^^\\\\^X^^^^^\\\\\\^^^^^ 


.\S\^\\\\\\\\^^^^\\\^\X^^\^\^^^ 


experimental  tube,  and  simply  served  to  give  a  standard  of  pressure. 
The  question  as  to  the  behaviour  of  the  flanged  gauge  itself  may  be 
reserved  for  a  moment,  as  it  was  common  to  all  the  experiments. 

Three     gauges    were     compared     with     the     facing-gauge     of 
Fletcher  A : — 

1.  A..  The  facing-gauge  of  Fletcher  B. 

2.  D.   Ditto.     The    mouth    provided   with    a    cone    opening 

outwards.     This  cone  was  3*3  cm.  long  and  had  an 
opening  of  2  •  30  cm. 


KlH      1' 


vrt.iK'iTv  "•  <:*««  iM  rirw. 


jn 


xi  E.   DitU>.      Thu   iiitl    I'lu^gi^l  with    ubuuiU)   Uirough  Mhich  ■ 
cyliiulricul  hole  1  laiu.  diauietcr  wuh  cttrcfuUy  burul. 

Tbo  fulluwiug  in  H  tipccimou  Uble  uf  oomiMuniiuuji : — 

Kiil:  iub  {H-r  uiiuuto. 

Air  teuiinTuturo  16"  C.  thruughuut,  «ud  barumotor  liufficicutly 

cuusUut  U)  bu  rvganktl  na  cxuctly  ko. 
ObserratiuuH  tukiu  ulturnutcly  on    A   cuiubiuod    with  flaugo- 

gftOgo,  auil  uu  D  cuiubiuud  with  fluugu-guuge. 


A  gmu^'ti. 

D  ^.^mu^ro. 

BattfJiog  uf  Microiuc-ter. 

Bmdinij 

uf  Micromotcr. 

Ciau;.'e. 

GhkUK'c. 

2i;» 

21-41 

21  40 

21-41 

'21M 

21-40 

21  M 

21 -40 

21  33 

21-40 

21-3:1 

M. 

.an 

2140 

McaiD       .      .     '2l-3:i 

21-403 

Zeru  Bcftd iD„-    I'J-'Si 

Zc 

TV 

Boadiug 

19-38 

Difference  J  UO 

rreuurc  differeooc,  I '90  lunj. 


Differeiioc-    .       2-02 
Prt-tfiiurc  Jifferencv,  2-02  nuu. 


Tublc  3  (pugo  278)  gives  a  suiuiuary  uf  rettults  similur  to  the 
forcgoiug,  but  there  is  no  oljtt-t  in  lej  nduc-iiig  the  iudiviiluhl 
<>li>ervatioii8,  sinco  an  idea  of  tho  cousiKtcuc-y  uf  the  rt-sulti>  cau 
be  obtained  from  the  above,  nhich  is  ueitber  bttter  nor  woiDu 
thau  the  others. 

The  couclusiou  to  bo  drawn  is  tliat  a  conical  gauge  reads  a  little 
higher,  and  a  gauge  with  very  thick  walls  and  a  small  hole  lower, 
thau  the  standard  cylindrical  thin-wullcd  {*attern.  If  one  considers 
the  vaht  difference  in  the  form  of  the  u])eniugs,  one  may  agreo  with 
uther  writers  that  tho  form  of  the  pressure  tube  has  not  '*  much  " 
influence,  hew  much  can  be  judged  from  the  Table.     The  probability 


278 


VELOCITY    OF   GASES    IN   PIPES. 


Feu.  1904-. 


TABLE  3. 


Difference 

Facing- 
gaiigea 

Corresponding 

Mean 

between 
pressures 

comparod 

Engine 

speed  of  idr 

pressure 
dili'ereiice 

Number 

observed : 

each  in 

speed. 

current  hi  fec^t 

observed  in 
mm.  of 
water. 

of 

positive 

con  junction 

Ivcvs.  per 

per  miuuLo 

observations. 

when 

with  the 

minute. 

approximate. 

A  gauge 

same  flange- 

gave  tiio 

gauge. 

larger 
reading. 

mm. 

A 

136 

1218 

2- 191 

6 

--  0-1 

D 

)> 

1242 

2-591 

6 

A 

100 

1080 

1-96 

6 

[  -  0-06 

D 

1096 

2-02 

6 

' 

A 

182 

1208 

2-44 

4 

[  +  0-155 

E 

" 

1108 

2-285 

4 

A 

1B8 

1210 

2-46 

3 

+  0-30 

E 

1 

" 

li:!2 

2-16 

3 

A 

138? 

1186 

2-34 

3 

+  0-28 

i          ^ 

" 

1112 

2-08 

'J 

A 

Ltl 

1002 

1-69 

3 

+  ()-i:i 

E 

" 

066 

1-55 

3 

Fru    l'»"i.  VKLOriTT   or  OABM   in    iiii«  27'.» 

-,  howoTor,  that  for  an  exact  pbyMC*!  iuvoitigAtiun  lliu  projwr 
»Mun.r  would  be  to  UKi<  ^'nu'^cs  of  8U<1»  >»haj»t'  an  Ui  giTo  tho  luaxinr:?: 
jirt's-uru  ilirtVnuco  aiul  ftTniilaiico  of  Durcy'i*  **  LoBt  Motion."  '1  i  i 
iilea,  howovor,  did  uot  occur  to  tho  writor  till  tho  iuvoKtigation  wuk 
ti»o  far  advuncod  to  |>enuit  of  a  recomnienocmont,  {larticularly  as 
ordinary  thin-wallotl  tubds  were  found  to  work  with  all  needful 
accuracy. 


APPENDIX   III. 

The  accompanying  Tables  (pages  2H0  to  2h5)  and  curves,  Fijjs.  8 
and  9  (page  28C),  illustrate  a  typical  invi-stigatiou  of  tlie  distribution 
of  velocity  in  a  G-inch  cast-iron  i)ij)e  fed  from  a  gas-holder.  Th<- 
velocity  ranged  from  1,320  to  2,470  feet  i)er  minute. 
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TABLE  d. 

Disiiibiition  of  Velociii/  in  C-inch })ijjc  attached  to  Gas-holder. 
Anemometer  15  feet  from  junction  to  large  pipe. 

Maximum  Velocitij  IdlO -4:  feet  j^er  minute. 
Fig.  9  (page  286). 


Distance 
from 
neitrest 
side  of 
pipe  iu 
inches. 


Left  of  centre. 


Eiglit  of  centre. 


V  Manometer  pressure  difference  in  millimfetres  of  water. 


!        0-7.")     ' 


0  • ") 


fi-:; 


0-1 


l-7:!8 

1  T.^S 

l-(;5g 

l'G.-)8 

1-470 

r4GG 

1-414 

r:'.s2 

1-281 

1-:!U4 

1-is:; 

l-2'il 

l-OJS 

1  •  072 

'J'iine  required  for  gaa-holdor 
to  fall  G  feet,  9"  12-8". 

Time  required  for  gaa-liolder 
to  fall  Gfeet,  8'  58-3". 

IMl.  TKLOOtTT   OF  OAIM   111   HTM.  2M 

AITKNDIX  III.  (.vi.fir.Mof.. 

TAULK  r.. 

Delirrrji  of  C-VnrA  pipe  alUirk^  /<>  Gas-koliler  accvrdim»j  to 
obterralivtu  (  TaUe  4,  pa/fe  280  ). 

Vtdme*  of  \/prea0ure  tairm  from  mrrc. 
Fig.  9  (page  286). 


3Ii-aji  of 

No 

Are*  of  •hell 

V  MnuoturU-r 

An«oralull 

..f 

Shell. 

1 

in  Miuarti 
incLc*. 

|>rt*a»urf 
iliffm-iioea 
in  mui.  of 
w«tcr. 

differvnca. 

1 

0  lar. 

lT:u 

0--.M75 

„• 

•» 

U-377 

l-72:t 

0-tHy.i 

! 

:; 

(>-«;-.»s 

1  711 

ro7.'» 

4 

tt-8M> 

lM;y» 

1-4112 

't 

li:il 

1  G74 

l-JfcW 

s 

<; 

l-38:i 

IGiy 

2-27y 

s 

" 

l*ZH 

1617 

•_'-Gll 

c 

e 

K 

1S8.-. 

r:.H2 

2  981 

y 

•-'•i:u; 

1-510 

3-2JM) 

«* 

— 

10 

l'•:lh^ 

r4y3 

•j:>6i 

^ 

f 

^ 

11 

2t>ai» 

i-4ay 

3-7'.»7 

£ 

5? 

§ 

■ 

12 

'lAH) 

1-374 

3  971 

£ 

i_ 

14 

r*.iyo 
riyo 

405:t 
4  037 

1- 

M 

1 

1.'. 

iT'Ji 

1100 

1  -ytiy 

9 

s^ 

«^ 

IG 

l-8Aa 

l-03:{ 

1-91.1 

X 

s 

;S 

>. 

X 

H 

.5 

— 

•js-j-i 

:ijt:::, 

Total  areft  X  v  nuixiiuum  prvasurv  diflVrt-oce  =  49- 132. 

M«*i»u  Tflo<nt\  .    „v  .>...•  .  ,       •         *  i     -.         .  . 

..  -        =  0-80GC.      iVMition   of  nmut   of  ucaB   reloritv  0*i::7 

Maximum  vilv«-iiy 

ratliiu  from  ceatrv. 

Art-A  of  •MTlioo  of  {r>*>l^lJ«''  312*7  ttiUAix-  feet. 

ToUl  delircry  of  uir  fur  C  fit-t  fall  of  bolder —by  holdf  r  1881  '3  rnUc  &«■(. 
.»  ••  i»  .1  ••       —  ■  .     -  ■  . 

Krror  of  nMsaaurriuetit  aa    |iere«>nUgf  of  'J -911 

per  ocuL,  and  tbv  g«ufM  five  Ibe  higher  rrsull. 
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APPENDIX  III.  {coni'mncfl). 

TABLE  G. 

Distribution  of  Velocity  in  6-inch  pipe  attached  to  Gas-huldcr. 
Anemometer  \h  feet  from  junction  loith  large  pipe. 

Maximum  Velocity  2472  •  6  feet  per  minute. 

Curve  B2,  Fig.  8  (page  286). 


Distance 

Left  of  centre. 

Ri 

gilt  of  centre. 

from 

side  of 

pipe  in 

V  Manometer  pressure 

inches. 

difference  in 

mil 

imetres  of  water. 

3 

:;-2(;n 

' 

3-2<:0 

2 
1 

:j-C81 

2- 063 

3-180 
2-722 

o-7:» 

2- 4,14 

] 
2-583                         i 

(1  •  ."> 

2-234 

1 

•J  ::.-.2 

0-:! 

2-173 

2  •  283 

0-1 

1-SJ7 

1 

I-OIG 

Time  required  for  gas-liolJcr  ,       Time  required  for  gas-holder 
to  fall  C  feet,  4'  40".  to  fall  6  feet,  4'  48-4". 
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TAHLK  7. 

DfUcrri/  of  d'tnch  pipr  atlarhed  to  (ia$-holder  according  to 
ob*rrcalSoH$  (  TabU  6,  page  283). 

Volurt  of  \/prc*gurf  takrn  from  curcc. 
Curve  B,,  Fig.  K  (page  286). 


X.K 

An-u  of  khcll 

of 

in  itouMru 
incLf*. 

8h«ll. 

1 

M-r.'t; 

•» 

0  377 

A 

o«;2s 

4 

0K«0 

,*i 

IISI 

«; 

1- ;!>«.; 

7 

rti:i4 

H 

1  •«■<,-. 

y 

•_•  l:'.<; 

10 

•_'•  :>> 

11 

•if  (;:•.» 

1-' 

•J -8^(1 

i:i 

:{U2 

14 

;j:n»:t 

i:. 

r7'.»i 

10 

ib&i 

j 

2«--.'7» 

Mean  uf 

V  MHU»ufler 
pn'Muru 
tlilViTfnee 
ill  mm.  of 
water. 


3  ••.'•!  I 
:i  24;« 
:t-227 
:tli4 

:t  i:.4 
:toin) 
::o7.{ 
•_'  9.>7 
2  •  M.'> ; 
2-74«; 
2-<;-jo 
2  •402 

2  •;«>•; 

2- 1 12 
1040 
I -810 


Art-a  of  ittiell 
aifft'rtMice. 


0-410 

1  22.'. 

2  027 
2  MKt 

:;-5t;7 

4'2K4 

.'•M»20 

.*c.m;2 


•;-ioi 

«!  •  .ViO 
tillN 
711G 
7-244 

7-n;.'. 

:{  474 
;s-3.'i.'» 

72«2a 


=     C         1.      - 


b.      B      g      6 

S  ^  S  Q 


=  O-7'J.     Poiiition  of  point  of  me«n  Telocity  0*721  rftJiu* 


Tot«l  area  X  v^iu^^iiuutn  preaaure  diflTertrnce  =  92'18.<r 

Mean  velocity 
Maxituuin  velocity 
from  oentre. 

Arva  uf  Mx-tion  of  pia-holder  312  7  «>q«are  fmt. 

Total  delivery  of  air  for  0  feet  fall  of  holder—  by  holder  1880-0  cubic  feet. 
.,  .,  „     -  by  gauge*  l83o- J  cubio  fetl 

Krror  of  mettsureroent  ad  pt-rieutag©  of  aclunl  rolume  delivered  i«  *•••  |*  r 
v<-Dt.  and  the  gaugi-s  give  tl>tf  lower  valqe. 
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APPENDIX  ITI.  {confinnci). 

TABLE  8. 

DititributioH  of  Veloc'dij  in  6-inch  jjipe  attached  to  Gas-holder. 
Anemometer  1^  feet  from  junction  imth  large  pipe. 

Mnximum  Velocity  2406  •  3  feet  per  minute. 

Curve  Bi,  Fig.  8  (page  286). 


Distance 

from 
nenrest 
side  of 
pipe  iu 
inches. 


Left  of  centre. 


Eight  of  centre. 


v'^  Manometer  pressure  difference  in  millimetres  of  water. 


3 

3-169 

3-177 

2 

3-0.50 

3-04G 

1 

2-5CG 

2- 070 

0-7.T 

li  •  ma 

2-.'):KS 

n  • .') 

2-298 

2 -.3.5(5                         ' 

<i-:5 

2--JH 

-J-H!) 

(II 

1-87.) 

1  •  S2:, 

Time  required  for  gas-holder 
to  fall  fj  feet,  4' 53-2". 

■  • 

Time  required  for  gas-holder 
to  fall  G  feet,  4' 48-5". 
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AIM'KXDIX  III.  {,,'„cliKfed). 

TAHLK  y. 

Ihlirrrtf  vf  O'inck  yipt  allached  to  (ioM-holilrr  aeetrrtlitfj 
to  abtrrratioiu,  TabU  8  {page  281). 

VaJmrt  of  ^'  prrsjture  t€d-fn  from  eurvf. 
Carro  B„  Fig.  8  (pagn  286). 
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Fig.  S. 
])!ii(rihuiion  of  Velocity  Curves  for  G- inch  pipe  attached  to  Gasometer.     1  Jan,  li)():>. 

No.  1.  Mean  Position  0-72j  r.  from  centre.    Katio  of  Mean  to  Maximum  =  0-81  IS. 

Maximum  Velocity  =  2406 '3  ft.  per  min. 

No.  2,  Mean  Position  0-721  r.  from  centre.    Ratio  of  Mean  to  Maximum  =  (J-TU. 

Maximum  Velocity  =  2-172  "G  ft.  per  min. 


Radius  of  Pipe  Curve    K"l. --i 


Fig.  i). 

Bidrihution  of  Velocity  Curves  for  6-inch  pipe  attached  to  Gasholder  at  a  low  velocity. 

8  Jan.  1903. 

Mean  Position  =  0-737  r.  from  centre.     Eatio  of  Mean  to  Maximum  =  0*80GG. 
^Maximum  Velocity  =  1319 '4  ft.  per  min. 


REFERENCE  TO  SMELL  AREAS  WITHIN  6' PIPE  (TABU  5.| 
H-IS;  14  1  13  i  12  I  II  j  10  I  9  J  8  j  7   1  6  I   6  I  4  (  3  1^2  [,  ^  ,"]  2  J  3  I  4  I   5  I  6   I  7   I   8  !  9   I  10  ]  II   I  12  I  13  I  14  'I5:i6 


in.^j'i* 


luidius    of   l'i[>e  -."}—■ ■'\ 


fl.ll.  19tM.  VKLOOITY    Of   QABCS    JN    PfTEt.  287 

AITENDIX    IV. 

InrfttUjatiun  vf  the  Late  connecting  Velocitjf  of  Air  and 
Gau<je  Indicalion$,     Fig,  2  {poge  254  I. 

It  hap{>outHl  forttmttU»Iy  that  a  considorablo  lon^th  of  wrought- 
irou  piiN)  0-2  iuch  thick  iu  tho  walU  wm  availahlo  for  tho 
experiuionts.  Each  luugth  uf  jiijK)  wag  vory  slightly  oouical  so  that 
tho  8eftiou8  fitted  into  eiuh  other.  Tho  directiou  of  tho  air  current 
vraa  from  the  hirger  to  tho  smallor  end  of  each  KOetiun. 

Distaueu  frt>iufiringi)oiutwhoropiiff  of  smoke  isproducod  totlieojicn 
cud  of  tho  pi|>e  where  it  is  obtiorved  108  foot  10  inches  =  3317- 1  ciu. 

lutcTual  dianjotor  of  main  pipe,  20*8  inches  =  52  "70  cm. 

Iut4.-ruul  diameter  of  wooden  connectors,  20*8  inches  -  52*75  cm. 

Length  of  experimental  section,  14  foot  G  inches  =  442  cm. 

Internal  diameter  of  experimental  pipe,  21'  I  inches  =  54  21  cm. 

Area  of  section  of  main  pii>e,  2 '352  K([uaro  feet  =  2,185  cm-'. 

Area  of  section  experimental  pipe,  2*484  siiuare  feet  =  2,308  cm-. 

Time  Meaguretuenti. — A  puflf  of  smoke  was  introdnced  into  tho 
pipe  by  exploding  electrically  u  minute  charge  of  gun-cotton  fluff, 
picrate  of  potash,  and  meal  powder.  The  charges  were  not  wcij:hed, 
but  less  than  one  gram  of  ei])losive  was  used  in  each  ease.  The 
exploders  were  simply  thiu  platinum  or  cop}>or  wire  fuses ;  the  wire 
was  covered  with  the  explosive  and  the  latter  kept  in  position  by  a 
drop  of  collodion.  The  fuses  were  well  dried  so  as  to  give  promi>t 
ignition.  It  was  found  that  an  observer  i)lace<l  at  the  delivery  end 
of  tho  pipe  and  looking  up  it  easily  saw  the  flash  of  the  exjdotiion. 

The  time  measurement  was  made  by  n  cans  of  a  chronograph 
consisting  of  a  smoked  glass  sheet  mounted  on  a  mono-rail  carriage. 
Time  was  marked  on  tho  smoked  glass  by  a  scribor  suj)plied  with 
intermittent  current  from  a  torsion  i)endulum  which  itself  was 
timed  by  a  stop-watch  comi)aro«l  for  twenty-four  hours  with  staidard 
time  and  found  to  have  a  negligible  rate.  Tho  comparison  with  the 
standard  time  was  ma<le  when  the  centre  secom)  and  stop  minute 
hand  were  in  gear.  The  epoch  of  the  explosion  was  registered  by 
tho  observer  at  the  pipe,  «ho  depressed  a  key  working  an 
electro-ma|.'uetIc  seriber  touching  tho  glass  plate  of  the  chronograph. 
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Wheu  the  tjiuokc  l)cgau  to  emerge  from  the  pipe  the  key  was  iig.aiu 
depressed,  and  again  Avhcn  the  smoke  just  cleared  off. 

At  first  tho  firing  of  the  charge  was  registered  automatically, 
and  the  time  constants  of  the  fuses  and  of  the  observer  ascertained 
and  allowed  for.  After  it  was  found  that  tlio  flasli  could  be  seen 
tln'ough  tho  whole  length  of  pipe,  the  method  above  described  was 
adojjted  as  botli  a  simplification  and  an  improvement,  as  it 
undoubtedly  was.  TIio  time  constants  were  practically  eliminated 
by  this  procedure. 

The  plates  with  the  records  were  measured  by  two  observers,  and, 
in  the  case  of  any  discrepancy  appearing,  they  were  remeasured. 
This  is  a  very  essential  precaution  in  chronograph  work,  for  it 
is  much  easier  to  make  a  mistake  in  counting  the  time  siguils 
than  is  generally  sujiposed.  The  torsion  pendnhun  gave  contact 
signals  at  intervals  of  O'oGS  second.  The  plate  was  about  2  feet 
longj  and  Avas  run  at  such  a  rate  as  to  bring  the  signals  sent  by  tho 
observer  at  the  tube  just  within  this  distance.  There  are  many 
advantages  in  using  a  torsion  rather  than  an  ordinary  pendulum  for 
giving  siguals  of  short  period. 

Bcduction  of  Ohservations. — The  anemometer  tubes  (being  placed 
in  the  observing  part  of  the  pipe  system  which  is  of  larger  diameter 
than  the  rest  of  the  pipe)  are  exposed  to  the  action  of  a  current  of 
air  moving  with  rather  less  velocity  than  that  of  the  current 
calculated  from  the  time  signals  and  the  overall  length  of  the  pipe. 
A  correction,  however,  is  easily  found  for  this  on  the  assumption 
that  the  stream  lias  had  time  to  accommodate  itself  to  the  largi  r 
pipe.  Since  the  latter  is  14  feet  G  inches  long  with  a  diameter  of 
about  21*4  inches,  and  the  instruments  are  placed  at  the  middle  of 
its  length,  this  condition  may  be  considered  to  be  satisfied. 

In  this  case  let  v  be;  the  observed  velocity,  that  is,  total  length 
between  firing  and  observation  point  divided  by  the  time  of  passage. 
If  the  velocity  in  the  wider  pipe  bo  u  we  have  the  relation 

u  =  V  X  0-9539 

a  correction  to  be  applied  to  all  velocities  examined  by  this 
apparatus. 
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Measurement  of  Ydocity  of  Air  in  Pijyes  hy  means  of  Smolce 
tiignals. — In  order  that  an  idea  may  be  obtaiued  as  to  tlie  constancy 
of  the  obscrvatious  a  typical  set  of  readings  and  reductions  is  given 
in  Table  10  (page  289),  without  however  including  the  final 
foiTCctions  for  increased  diameter  of  experimental  tube,  correct 
period  of  time  marker,  &c.  The  observations  were  made  with  the 
stanilard  pressure  and  suction  combination  A,  that  is,  a  standard 
lleteher  gauge.  This  gauge  M^as  placed  at  the  centre  of  the  pipe  as 
marl)'  as  the  finite  dimensions  of  the  tube  jiermittcd.  The  diameter 
of  the  experimental  pipe  was  21 '4:  inches. 

In  Table  11  (page  291)  are  collected  together  all  the  experimental 
results  obtained  with  the  apparatus  described  (i.e.  the  standard 
Fletcher  gauge  A),  which  results  involved  a  direct  determination  of 
the  velocity  by  means  of  the  smoke  puff's  and  chronograph.  All  the 
results  in  Table  11  have  been  corrected  for  instrumental  peculiarities, 
but  are  not  reduced  to  a  standard  temperature  and  pressure.  The 
air  current  was,  as  a  rule,  a  little  warmer  at  the  entry  than  at  tho 
exit  end,  being  drawn  by  the  fan  from  a  chamber  sliglitly  warmed  to 
facilitate  a  manufacturing  process.  The  details  of  each  measurement 
were  similar  in  all  respects  to  the  details  of  the  measurements  given 
in  Table  10. 

The  results  tabulated  in  Table  11  appear  as  a  curve  A  A  on 
Fig.  2  (page  254),  and  we  shall  here  confine  our  attention  to  the 
experimental  curve  of  maximum  velocities  and  to  a  calculated  curve 
passing  through  a  convenient  point. 

Plotted  for  KV^  =  P. 

The  author  has  not  pursued  this  matter  in  order  to  find  what 
formula,  if  any,  will  better  represent  the  observations,  because,  as 
stated  above,  any  slight  change  in  the  side-gauge  affects  the  results. 

The   figures  contained  in  Table    11,   however,   are   sufficient  to 
enable  an  approximate  idea  as  to  the  delivery  of  air  to  be  obtained 
but    before    this   complex   matter    is   considered,   it  will   be   more 
convenient  to  give  an  account  of  the  experiments  made  with  the 
facing-gauge  only. 
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TABLE  11. 

SkoKimy  AntiHoiH'  t'  r  Readinga  and  VtliKutits  wteosurett  iinafijf. 
Flftchvr  iiautjr  A  uml  t li ruuijkout. 
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TABLE  12. 

Showing  relation  between  measured  velocUij  of  an  air  slream  and 
jiresanrc  difference  due  to  facing-gauge  only,  i.e.  a  Piiot  tuhr. 

Cuvves  C,  D,  Fig.  2  (page  254). 
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The  observations  of  25re8sure  diSVrence  for  23  Nov.,  when  corrected  fur 
change  of  temperature  and  pressure,  i.e.  reduced  to  IG''  C.  and  758  mm.  so  as 
to  compare  with  other  observations,  are  as  follows.  Tlie  air  is  taken  tliroughout 
as  half  .saturated  : — 

1-19  mm,  becomes  1-145  mm. 

0-91     „  „        0-85      „ 

3-21     „  „        3^09      „ 
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Itehltum  heltefm  Vrhtfily  and  Pilot'Tuh*  PrMMure.—Jti  OxtJ 
>  •baerf»Uoni  for  velocity  thu  lUttuo  apjiarHtuii  wm  used  m  in  iho 
lunner  Mriat,  but  tlio  lucAMureiut-uU  nru  uu  thu  whuU*  better,  becmoiie 
more  fxi»erieiice  iu  iuauii>uUtion  had  bceu  obuiuct). 

Tlio  f«tMll|;-^«u^u  cniiihtyod  won  thu  fuciiig  muiibcr  of  th<- 
^ttiudanl  Flutcher  gauge  A,  which  vriut  examinoj  as  to  the  coudition 
.'f  the  operative  eml  of  the  )>i]ie.  aud  thin  wa«  fouud  to  be  perfectly 
BUiuuth  aud  acjuare.  A  flanged  gauge  of  naual  oonatructiou  waji 
1  :ii]>I<iyiHl  iu  couuectiuii  with  thiii.  It  wan  thruHt  to  thu  ccutre  of  the 
j'lj.o  cATryitig  the  air.  so  a8  to  be  exposed  t*)  the  iiiaxiiuutu  velocity 
of  the  ourreut.  The  series  of  obNervations  fiually  reduced  extended 
over  three  days;  on  the  tirnt  two  days  the  barometer  stood  at  7^9 "2 
and  7riG-5  lum.  ;  theHe  are  for  thu  presuut  purpoiM)  taken  ai>  being 
760-0  ;  on  the  thir.l  day  tho  barometer  wau  77G-d.  The  t<.Mni»eraturti» 
were  on  the  first  two  days  17*2^  aud  16*52'  C.  reapoctiTcly,  aud  on 
the  third  day  tho  temperature  was  11 '6°  C. 

Tho  results  recorded  iu  Tablo  12  were  treated  geometrically, 
Curves  G,  D,  Fig.  2  (pagu  254),  and  fouud  to  be  practically  iu 
(  omplcte  accordance  with  the  formula 

r  =   0-9739  V    "/' 
as  may  be  seen  from  the  curve  of  maximum  vcloeitieii. 

Tho  pressure  was  760  mm.  of  mercury  and  the  air  was  taken 
(ui  half  saturated  at  10"  C,  with  a  density  of  0*001213  grammes  per 
'  ubic  centimetre.  Tho  working  formula,  as  referring  to  air  half 
saturate*!  with  water  vajiuur  at  10  C.  giving  the  linear  velocity  in 
feet  i»er  minute,  is 

]'  =   771  \/  Tressuro  in  mm.  of  water, 
r 

V  =    752  \/  rresBuri  Jii  mill,  water  (feet  per  minute) 
referring  to  air  dry  under  standard  conditions. 

Comparison  can  now  be  made  of  the  curve  for  the  combined  eSaei 
of  the  pressure  aud  suction  tubes  with  the  effect  due  to  the  former 
alone.  It  will  be  seen  that  tho  two  effects  are  marly  e(|ual,  how 
nearly  is  shown  iu  the  following  Table  13 : — 
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TABLE  13. 


I'lCI!.    lOOl 


l're83uro  duo  to  laciiii 
gauge  only. 


AViitov. 
nun. 

1-07 

i-;r. 

1  ■  O"! 
.'•4  2 

■J  •  s:> 
:!-29 

■l-:!-J 


I'l-c'ssuro  as  givi'M  by  I'lotcher- 

cinnbination  minus  t'ueing-gaugo 

pressure. 


"Water 

UllU. 

114 

1-37 

1'6t) 

2-29 

2  •(14 

3-27 

3-ftG 

4 -70 

0  •  .')u 

The  fact  tliat  tlic  coiubiiied  action  of  the  pressuic  aad  suction  is 
nearly  double  that  of  the  pressure  alone  tempted  the  author  to 
examine  this  matter  more  closely.  The  observations  hitherto  made 
had  been  obtained  slowly,  and  it  seemed  unlikely  that  very  good 
comparative  results  could  come  from  observations  spread  over  such 
a  long  period  (two  months)  of  time.  Some  trials  were  therefore 
arranged,  in  which  one  observer  kept  the  engine  as  steady  as  possible 
and  the  other  took  alternate  readings  by  the  Fletcher  A  gauge,  and 
the  pressure  member  of  Fletcher  B  ojiposed  by  the  flange-gauge 
placed  against  the  inner  wall  of  the  pipe.  Four  sets  of  observations 
taken  alternately  Avith  each  combination,  gave,  with  the  engine 
making  43  revolutions  per  minute  :  — 


I'letcher  gauge  A 
TaciDg-gauge  E 


it-.")G."i  :iim.  of  water  =  100  units. 
O'.'i'iri  „  -  Gl-ti    „ 


The  facing  parts  of  A  and  B  gave  the  same  readings  exactly. 
A  trial  was  then  made  with  the  tubes  supplied  by  Messrs.  Mawson 
and  Swan,  which  were  evidently  carefully  made  and  no  doubt  similar 


K<*ulu   arc  Ah   :  .!_  >>,  i:.     ...^.:.;    ;=i.-.^  ^.tpt  at  I'iO  revulutioiui 
ptj-  luinuto  :  — 


1.  Klf^^Jur    (;»u^  — s%i«' 

8U«d«nl  lUago-gsOfv/ 
:i.  Kleleh«r  —  8«ao    type    I 
4.  Svma    baiac>fMg»- 


r7 


Sua«krd  l>nf>  fmug» 


}■■• 

y  KlatalMr— 8w«a     trpe,\  . 
aaotiMTtaU      .         ./^ 


:r 

IHI 

os< 

■' 

lii 

c- 

170 

3 

■114 

G 

2IU 

SUM 

(!' 

Wi 

>ubiAidtaBg»-ga«K»/  »  ^  « 

7    KIrldMr  — Swaa    typ*)  . 

s    S«an    fadaf  •  fMif»— ^  . 

8Utt(Lard  iMig<p-g»ag«)  *  •■  i* 

••  Fletcher  A  .         .    8  ..  ^ 

!••.  Fmibc  •  g»ug«  ofj 

Kletaber        A        and*  7  ^  „  ^  <^1 

•Uodaid  flaage-gau^l 

Areittging  the  abore  obaerratioiu,  which  have  bean  Mt  ont  in  the 
order  in  which  they  were  made,  ao  aa  to  get  over  engine  onateadineaa, 
we  hare : — 

PKMare  diffBMBee — Fletcher  Svua  \  i^  m!    /  <>-318o  mm.  =  100      tMrU. 

K«Mi  fkaiog  and  SUbJwiI  fUage     /        ''^'\31A3       ..    =49-81      ,. 

Fletcher  8«axi    ....     \«_.  _5./  6- 102       ^    s  100 


her  8«axi    .         .         .         .     \  ^.  >      :   / 
(kdng  aad  Staodaid  lU«g«    j»»«Jpwr| 


8wM  liMiiDg  aad  Staodard  flaitgo     /*"    »~'\3o61  „  =  4U  :<6     , 

AT^rkceorall  Flelehar  Swan    ....     )  (>".'102  ^  =  100 

M        n       Swaa  Pr««Qre  and  Fiange  gauge     \  A-\\n  .,  =4^95     . 

I'reMure  differeiiOf,  Staadanl  K'Ul.-lu-r  A    .                |  6-§6'i  m  -  I'-H) 
I'reaMire  differeaoe  faciu^-g^oU'.v-  Khlrhc r  A  and 

lIaageg«ugo )  30W  „  =  til 

The  Telocitj  of  air  iu  the  centre  uf  the  pipe  \a  in  all  the  aboTe 
'  tperimcnts,  by  furmula,  1,358  feet  per  minute. 
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The  Piirsii.KNT  Askivl  tho  M(Mnl>oni  U)  ui  ii. m-  i.y  tii<  ir  applatui 
their   •iiprDoitttion    of    tho    fa»(<iuHtin(;   ami    Taluabie  PajK-r    whi<h 
Mr.  Thrt^lfall  hmd  giTeu. 
Tho  n«uluti<iu  of  thanks  wait  oarricnl  bj  acclamation. 

Dr.  II.  T.  Glaxkbbook  aaiJ  thai  he  wa«  glad  to  May  a  fow  woriU 

II  tho  poiutM  that  had  lieon  raiaed  by  tho  author,  more  eaiieciallj  aa 

lie  Pitot  tube  ha*l,  duriug  the  paKt  year  and  a  half,  Ixxu  tht-  object 

f     vt<ry    coimiderublu     itiviKligutioUK    at    tho    National    Physical 

I.Aboratory,  and   tlioir  retiultii  had  bomo  out  be  thought,  iu  a  rery 

htrikiug  manner,  those  that  had  IxH-n  obtained  by  thu  author.     Their 

jirobUm  at  tho  National  Physical  Laboratory,  which  was  deKcribod 

at  a  meotiug  of  the  luittitution  of  Civil    Engineers  last  December 

u  a  Paper  on  the  Keaistaucu  of  Plaiu  Surfttoea  in  a  uniform  Current 

uf  Air,  wa8  a  somuwhat  different   one,  becuuse  they  desired  in  the 

first  plai-o  to  produce  a  uniform  current  of  air  through  a  pipe,  then 

•  measure  the  Telocity  of  that  current,  and  had  usel  the  Pitot  tube, 

..•>  tho  author  had  done,  a8  a  meana  of  measuring  the  velocity.     They 

:.a<l    therefore   to   establish    tho   law   connecting    tho   velocity   and 

pri>t>ure  for  tho  Pitot  tube  that  was  used. 

As  the  author  had  found,  the  law  came  out  to  be  what  they  might 
!:uvo  exi»ected  it  by  theory.     He  would   like  to  refer  to  the  theory 

»u  a  moment.     The  velocity  was  K^/  -— ,  where  A'  was  a  constant, 

which,   if  the   conditions   assumed  in   the  theory  held  accurately, 
would   be  unity.     Mr.    Threlfall,  he    understood,  fuund    the   value 
f  K  was  0*'J7  instead  of  unity,  whereas  the  value  that  Dr.  StAQion 
obtained  for  K  in   his  ■  was  rather  greater,   1  *  03.     He 

thought,  however,  then-  n^  .  i    ugnx-meut  between  those  two 

figuroK,  obtained  with  entirely  different  forms  of  apparatus,  to  aho«r 
'  'tat  the  method  of  measuring  velocities  up  to  something  like 
>,(X>U  fuet  a  minute  by  means  of  the  Pilot  tulie,  was  one  which 
might  safely  be  adoptetl.  He  ought  to  have  said  that  the  tulo  used 
at    the  National    Physical  l^iburatory  would   Dot  have  been  at  all 

T  '2 
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suitable  for  Mr.  Tlirelfall's  experiments.  They  worked  with  a  pipe 
as  large  as  the  author's,  25  inches  in  diameter,  but  they  had  none  of 
the  difficulties  to  meet  that  the  author  had  in  using  producer-gas. 
They  used  dry,  clean  air,  and  therefore  it  was  possible  to  keep  the 
Pitot  tube  extremely  small,  and  to  measure  the  static  pressure  in 
the  close  neighbourhood  of  the  point  at  which  the  velocity  pressure 
was  measured.  He  thought,  therefore,  that  probably  some  portion 
of  the  difference  would  be  accounted  for,  by  the  fact  that  they  were 
measuring  the  static  pressure  close  up  to  the  point  at  which  they 


Fk;.  10, 
Arrangement  cf  Pitot  and  Static-Freg.mre  Tithes 
National  Fhysieal  Lahoratori/. 
Scale  full  size. 


02   Dianv. 


^ 


were  measuring  the  velocity  head,  and  Mr.  Threlfall  for  his 
purposes  was  measuring  it  at  the  side  of  the  tube,  which  would,  he 
believed,  make  a  difference  in  the  direction  indicated  by  the  two 
numbers.  If  the  author's  measurement  had  been  taken  in  the  same 
position  as  theirs,  those  two  numbers  would  probably  have  agreed 
much  more  closely. 

The  Pitot  tube,  as  used  in  the  Laboratory,  was  shown  in  Fig.  10. 
The  static-pressure  tube  terminated  in  a  very  fine  point  closed  at  the 
end.  The  tube  was  placed  with  its  length  parallel  to  the  flow, 
and  at  some  distance  from  the  end  it  was  pierced  by  four  small 
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holi'ti  ubout  0'U2  iiic-h  in  liiuiuutcr.  I'lio  prcHMiru  tiilxi  wait  bbuwu 
lit  ouvi  aide  ;  it  hail  a  kiuuU  cup-like  muuth  ou  which  tho  Ktruaiu 
impinged.  The  tubcM  were  cuuuected  to  the  gHUge,  aud  it  wa«  thuM 
]HM>8ible  to  nioasuro  the  Telocity  of  the  static  prc88uro  in  Tory  close 
jiroxiiuity  to  tho  velocity  head.  He  was  speaking  from  memory  at 
tlic  ])ro8out  moment,  but  ho  bvliuvud  tho  diameter  of  the  tulK-, 
instead  of  being  J^  inch,  wan  something  like  ^V  inch,  and  the  sides 
of  the  tube  were  thin.  Under  those  circuniKtauces  he  thought 
the    members    might    take    it    as    proved    that    the    fundamental 

formula    V  =  A'v/^     ^\   held,    the    value   K   being  very   nearly 

unity.  He  was  a  little  sorry  that  the  author  had  put  bis  result  in 
the  form  ho  did,  in  the  btatement  that  half  tho  momentum  was 
destroyed.  He  did  not  think  that  was  quite  the  best  way  to  look 
lit  the  theoretical  result,  for  this  reason  :  they  were  concerned 
with  the  fluid  pressure  over  a  definite  area. 

Now  Mr.  Threlfall  supposed  there  was  a  series  of  molecules 
impinging  on  the  area,  having  their  velocity  destroyed,  and  from 
that  point  of  view  ho  obtained  his  equation  without  the  2  in  the 
numerator.  But  in  reality  they  were  dealing,  nut  with  a  series  of 
independent  molecules,  but  with  a  continuous  fluid,  and  the  effect  of 
the  pressure  would  be  propagated  backwards  throughout  the  whole  of 
the  fluid ;  thus  it  was  not  suflicient  as  a  theoretical  account  of  what 
was  going  on  to  deal  w4th  a  series  of  isolated  iudei>eudent  molecules. 

If,  instead  of  working  as  the  author  bad  done,  we  considered 

the  fluid  between  two  parallel  idanes 

.  ,  Fio.  11. 

A  and  B,   Fig.   11,  drawn  at  right 

angles  to  the  direction  of  the  flow, 

such    that  p,  V  were   the    2»'*-*f'6ure 

and   velocity  over  A,  p  -f  tip   and 

r  -j-  liv  the  corresponding  pressure 

and  velocity  over  IJ.    Then,  dealing 

with  tho  fluid  crossing  unit  area  of 

these  planes,  the  gain  of  momentum 

l«r  unit  time  is  pvdv,  where  p  is  the 

density,  and  the  force  producing  this 

is  —  dp. 


p 

p  +  *fp 

V 

c  +  Jc 

> 
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Hence  we  liave  as  the  cc[uatiou  conuectiug  these — 

pvdv  -}-  djp  =  0. 

Whence  integrating 

t;  pv  -}-  J)  =  a,  constant.    • 

Taking  then  this  ccpation  from  a  position  in  the  fluid  at  which 
the  pressure  and  velocity  are  p^  and  r^  to  one  in  which  they 
are  jh  and  Vy,  we  have 

And  if  we  suppose  that  in  the  second  position,  corresponding  to 
the  mouth  of  the  gauge,  the  velocity  i\  is  zero,  one  found  the 
result 

Ih  -  Po  =  1  P^o^' 

In  this  way  the  ^  that  the  author  found  he  had  to  introduce,  in 
order  to  make  his  theory  agree  with  his  experiment,  appeared,  the 
fact  being  that,  of  course,  one  did  not  suddenly  destroy  at  one 
point  all  the  momentum,  but  there  was,  starting  from  the  mouth  of 
the  gauge  and  goiug  back,  a  decreasing  pressure  and  an  increasing 
velocity.  That,  however,  was  a  small  theoretical  point.  The  real 
matter  he  wished  to  bring  forward  was  the  agreement  between 
Dr.  Stanton's  experiments  and  those  of  the  author  with  regard  to 
the  fundamental  formula,  and  to  emphasise  the  fact  that  for  many 
purposes  the  Pitot  tube  could  be  used  most  satisfactorily.  He 
thought  the  author  was  very  much  to  be  congratulated  on  the 
results  he  had  laid  before  the  Institution  in  the  Paper,  and 
especially  on  the  very  interesting  gauge  which  was  on  exhibition, 
and  the  method  described  in  the  Paper  of  integrating  the  Pitot 
tube  results. 

Professor  W.  Cawthorne  Unwin  thought  the  author  had 
certainly  accomplished  a  very  original  and  striking  piece  of  work 
in  measuring  the  frictional  work  of  a  dynamo  by  means  of  an  air 
current,  in  doing  which  he  had  been  led  into  the  research  which 
he  had  now  brought  forward    before    the    Institution  in  regard  to 
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thf  mt'uns  of  nuiuiuriug  tlio  volume  of  flow  of  •  gait  or  air  through 
u  i»i]>f.  It  was  curioUM  that  it  wan  in  17.'{2,  nearly  2oO  yoara  ago, 
that  ritot  ilcKcribod  to  the  Academy  of  ScieuccH  the  Pilot  tube. 
Two  hundrtnl  yoars  w^n  I'itot  uacd  Iuk  tiibe  in  an  cxcoedingly 
rutionul  form. 

A  triungulur  block  of  wikkI  with  it*  edge  facing  the  btreuni 
t-arrifd  the  two  Pitot  tulnH  «t  the  l>ack,  one  having  itM  mouth 
|ianilKl  to  the  Ktreiim  and  the  other,  bent  at  right  anglen  and 
brought  to  the  triiingnlar  e<lgc,  having  its  mcuith  fui-ing  the  Ktreani. 
I'itot  said  that  that  dillerence  of  level  in  the  tul>eH  muht  be  the 
head  due  to  the  velocity.  What  Pitot  said  at  the  time  wan  really 
Ko  good  that  ho  (Professor  Uuwin)  did  not  think  it  coiild  bo 
improved  upon  now  ;  it  was  "  The  general  level  of  the  current  in 
hhown  by  the  rise  of  water  in  the  straight  tube,  while  the  height 
of  water  in  the  bent  tube  becomes  a  measure  of  the  force  of  the 
stream.  The  difference  between  these  heights  will  therefore  be  the 
height  duo  to  the  velocity."  *  Several  hydrauliciaus  in  Franco 
used  the  Pitot  tube  after  that,  iind  tried  to  improve  it,  but  he 
(Professor  I'nwin  i  tlu»ught  they  spoilt  it,  and  it  got  a  bad  name  : 
and  it  was  not  till  Dany  took  up  the  Pitot  tube  again  tlmt  it 
became  a  really  valuable  instrument  of  precision, 

Darcy,  and  after  him  Bazin,  carried  out  an  enormous  series  of 
researches  on  flow  in  pipes  of  various  shapes,  and  in  streams  of 
various  shajies  and  flow  over  weirs,  with  an  accuracy  which  he 
thought  incontestable.  The  whole  of  the  results  depended  on 
the  use  of  the  Pitot  tube.  All  that  Darcy  did  with  the  Pitot  tube, 
except  for  mere  arrangements  of  convenience,  was  to  show  tliat  if 
the  Pitot  tube  was  to  be  made  accurate  it  must  be  made  so  tlxat  it 
disturbed  the  current  as  little  as  possible,  and  thereftjre  he  used  very 
much  what  Dr.  Glazebrook  had  been  using  ut  Ikishy.  namely  very 
small  tubes  with  very  small  a|K.'rtures. 

Tho  only  improvement  in  the  Darcy  tube  which  was  of 
importance  was  the  reducing  of  the  size  of  the  tubes  to  a  very  small 
size,  BO  as  to  disturb    the  current  in   the  neighbourhood  of   their 

•  "  Kncj-rlop:iMlia  Mt-tr«>polituiui,"  18*.iy. 
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mouths  ns  little  as  possible.  He  did  not  think  Mr.  Tlirclfall  was 
very  well  acciuaiuted  with,  the  vast  amount  of  work  whicli  had  heen 
done  by  Darcy  and  Bazin.  There  was  a  second  Pitot  tube 
constructed  by  Bazin  himself,  and  experimented  on  very  carefully, 
which  ho  used  for  gaugiug  the  velocity  in  streams.  He  calibrated 
the  tube  by  three  wholly  difiereut  methods,  and  obtained  for  the 
coefficient  of  the  instrument  the  values  0*993,  1*006,  and  1*034. 
Allowing  for  the  probable  error  of  the  different  methods,  he 
concluded  that  the  coefficient  could  not  differ  sensibly  from 
unity.  Those  values  were  much  the  same  as  those  obtained  by 
Dr.  Glazebrook  and  Mr.  Threlfall.  i 
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It  so  happened  that  a  few  years  ago  Mr.  Gilbert  and  Mr,  Heenan 
were  making  experiments  on  fans.  Mr,  Gilbert  came  to  him  with 
regard  to  the  measurement  of  the  velocity,  and  he  (Professor  Unwin) 
suggested  the  use  of  the  Pitot  tube.  Mr.  Gilbert  came  back  to 
him  afterwards,  and  told  him  that  irregular  results  were  being 
obtained  which  he  could  not  quite  understand.  Tubes  which  were 
not  of  a  very  small  size  were  being  used,  and  he  (Professor  Unwin) 
thought  at  once  that  probably  the  difficulty  arose  from  the  suction 
effect  on  the  tube  which  gave  the  statical  pressure,  about  which 
so  much  was  said  in  the  Paper.  He  then  remembered  reading 
many  years  ago  that  very  accurate  results  had  been  obtained  with 
forms  [of  Pitot  tubes,  which  were  recorded  by  Dupre  in  his  treatise, 
"  Theorie  Mecanique  de  la  Chaleur"  (1869).  Dupre  had  done 
this  rather  ingenious  thing : — He  produced  a  steady  current  of  air 
and  placed  in  it  an  open-mouthed  tube  which  could  be  placed  at  any 


Fill    l."l  YBLOCITT   or   aULMM   IN    FII'U.  803 

Kiiglo  to  tbo  current  Tbo  proMure  in  tho  tube  wm  moanured  at 
«litTtr«nt  iiicliimtious.  When  tbo  tube  wim  at  right  augloti  to  tbo 
current  bo  fuuml  a  auotion  effect.  Uia  tube  wm  nut  a  very  ttnall 
one,  and  tbo  rottikm  uf  tbo  suction  effect  was  obriuus.  Tbo  tube 
ilihturbed  Ute  curruut,  and  tbo  stream  linos  were  curtud  as  in  Fig.  12. 
Now  wberoTor  strfam  linos  were  currod,  tbo  ])rossure  diuiinisbed 
towanls  tbo  ouutru  of  curvstun-.  Dupro  found  tbat  if  a  disc  was 
l>liicrd  lit  tbe  moutb  of  tbe  tubo  as  in  Fig.  18,  tbe  true  statical  preasuru 
of  tho  htroain  of  air  wiw  lueasurod.  Dupro  bad  not  givon  tho 
txplauation,  but  it  was  no  doubt  tbat  tlio  curvuturo  of  tho  stn^m 
lines  was  prevontod.  He  (Professor  Unwin)  suggested  to  Mr.  Gilbert 
to  uso  this  disc  on  tbo  tube,  and  tbo  difficulty  in  tbe  fun  experiments 
di8aj)j>e«ir©d.  Tboso  experiments  were  mado  with  air,  and  showed 
thut  the  ritot-tubo  arningement  wan  juiit  us  Buitablo  for  a  current 
of  fluid  air  as  for  a  current  of  fluid  water,  a  thing  which  it  was 
hardly  necessary  to  prove. 

He  thought  the  author,  in  the  earlier  part  of  tbe  Paper,  had 
cumbered  himself  with  a  great  many  irrelevant  considerations  about 
Tiscotiity  and  e<ldy  motion,  and  so  on,  and  that  some  of  tbe 
Btatements  were  very  curiously  doubtful.  They  did  not  affect  at 
all  the  result*,  but  only  the  author's  reasoning  about  them.  There 
was  the  quite  extraordinary  statement  that  his  theory  of  tbo 
momentum  of  the  stream  against  the  mouth  of  the  Pilot  tube  involved 
tliut  tlio  gas  should  be  annihilated  (page  24G).  '*  In  practice,  however, 
the  gas  cannot  be  annihilated  when  it  comes  to  rest ;  it  has  to  be 
pushed  out  sideways,  and  tliO  force  to  do  this  must  come  from  tbe 
gas  itself."  That  was  a  very  curious  way  of  putting  the  theory 
of  the  Pitot  tube,  and  did  not  in  any  way  correspond  to  the  actual 
facls.  Take  a  simpler  case  which  could  be  treated  exactly.  A  jet 
of  section  tc  and  velocity  r  strikes  a  fixed  plane.  Fig  14  (page  304),  and 
is  deviated  at  right  angles  in  all  directions.  Tbe  quantity  of  fluid 
impinging  per  second  is  irr,  its  weight  is  (iter,  where  G  is  the  weight  of 
a  cubic  foot  of  water.  The  whole  of  the  momentum  in  the  direction 
of  the  jet  is  destroyed,  and    therefore   tbe   pressure   on  tho  plane 

is  P  =       ifc'.     This  was  exactly   the  result  which  Mr.  Threlfall 
9 

trot  f.ir  the  pressure  on  the  mi'uth   of  the   Pitot   tube.     But   on  the 


ii04  VBLOOITY    OK   GASES   IN    PIPES.  Fkh.  iitOl. 

(Professor  W.  Cawthorne  Unwin.) 

plane  the  i)ressuro  was  distributed  over  a)i  area  miicli  greater 
tlian  w,  the  meau  intensity  of  pressure  was  mucli  less  thau  F/w 
aud  the  greatest  intensity  of  pressure  at  tlio  centre  of  the  area  struck 

never  exceeded  G  '     in  lbs.  ])er  square  foot,  or  ^    in  feet  of  water. 

-  f/  -a 

It  could  not  exceed  this,  or  there  would  be  reflux  towards  the  jet. 

Many  years  ago  Mr.  Froudo   showed   an   experiment  arranged 

thus: — Water  was  maintained  in  vessel  A,  Fig.  15,  at  the  level  0  0, 

and  discharged  across  an  aii'-gap  from  A  into  B.     The  level  in  B 

rose  till  it  reached  the  level  0  0,  but  never  higher.     When  the  level 

was  nearly  the  same  in  A  and  B  there  was  an  oscillating  discharge, 

sometimes  from  A   and  sometimes  from  B,  aud  a  lamina  formed  in 


Fi.;.  14. 


Fm.  1.- 


)» — > 


)» — ^ 


A 

^<^ 

B 

the  air-gap.     This  showed  that  the  pressure  on  the  mouth   of  the 

tube  leading  into  B  should  reach  but  could  not  exceed  '"' .     The 

case  was  very  similar  to  the  Pitot  tube,  and  proved  that,  except  for 
small  disturbances  produced  by  the  tube  itself,  the  formula  for  the 

Pitot  tube  should  be  h  =    '"    with  a  coefficient  unity. 

The  measurement  of  flow  of  air  and  gas  in  pipes  was  likely  to  be 
important  in  connection  with  producer-gas,  and  therefore  he  might 
make  two  suggestions  : — (1)  It  was  not  at  all  clear  that  a  Venturi 
meter  could  not  be  used  for  measuring  gas  as  well  as  water,  and  it 
would  be  much  simpler  and  more  reliable  than  the  Pitot  tube. 
(2)  If  the  Venturi  meter  could  not  be  used,  it  still  would  be 
desirable  to  place  the  Pitot  tube  in  the  throat  of  a  converging 
and  diverging  tube  formed  like  a  Venturi  meter.  The  irregularities 
in   the  curves  of  distribution  of  velocity  shown  in  Mr.  Threlfall's 
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(lia^rmuiK  wtrx.'  uu  »l»tiilit  Uuo  u>  »rn«>un  U  ;.       '  ■   »jf  tl""  I'M"^ 

iu  which  llio   Til. I  tuU'  wan  i»l»foJ.     Ti  lie*  w.mlJ  bo 

riMlucml  Miiil  at  Iho  ihuuu  time  Uio  pruiwuru  html*  to  be  m«a«uro<l 
would  be  iuorwuMHl  ttutily  Hixt4.^vn  or  luoro  timon,  mud  ihiw  woulJ  m»ko 
the  jirtvMuru  iu«aiiurviuuiit  much  luortj  couveuiciit.  Ono  Jifticulty 
«ouKl  ariw)  iu  Mr.  Thrtjlfiill  «  method,  and  that  waj*  that  t«  inttrprtt 
tlio  rt»ult«  the  dfUdity  of  the  ^h  munt  Ik)  accurately  kuown. 

lit'    \v.iM    HurpriiM.^}    that    thu    aiiti  1    ht     did     !i<»l     ku<'M 

that    tlif   lK»hitiou   of  tho   cinlo  of  in  itv  Ju  »  l'i|>e  found  by 

Jhircy  «a«  more  tlian  a  tbeorotical  deductiuu.  It  waK,  of  cuurac,  » 
purelj  observational  n-HulU  That  I>arcy  fitted  an  empirical  otjuatiou 
to  his  observations,  and  dwluced  the  radius  of  mean  vehjcity  from 
that,  did  not  make  the  rtsult  a  theoretical  one.  Darcy  found  the 
nuliuB  of  the  circle  of  mi  an  velocity  to  be  0-68U  of  the  radius  of 
the  piiK',  and  the  author  found  it  to  be  0-77o  of  the  mdius  of  the 
pipe  (^or  0-725  and  0-737,  pago  28!i).  Though  the  figures  lookc-d 
discrepant,  it  must  bo  remembered  that  what  was  really  determined 
in  the  experiments  was  not  tho  radius  of  mean  velocity  itself  but 
merely  tho  diffcrenco  of  velocity  at  points  near  tho  mean  radius, 
and  this  was  a  very  bmall  quantity.  Further,  the  author  aj>peared 
not  to  be  acquainted  with  the  lat.r  research  of  Bazin  (1897)  iu 
which  the  radius  of  mean  velocity  wjis  f«mnd  at  0-74  of  tho 
radius  of  the  pipe,  it  did  m)t  appear  that  tho  velocity  of  flow 
affected  the  position  of  the  circlo  of  mean  velocity,  but  in  all 
jirobability  tho  roughnei>s  of  the  pipe  did  affect  it. 

Mr.  He.«(ut  Lea,  Member  of  Council,  said  ho  had  not  very  much 
to  say,  because  the  subject  of  measuring  the  velocity  of  air  in  pii>eB 
had  not  occupied  any  material  amount  of  his  attention.  It  Mcmt-d 
to  him  that  one  very  important  point  of  the  PaiK-r  was  that  tlie 
author  had  made  a  recent  and  u{>-to-date  confirmation  of  the 
accuracy  of  su  simple  an  apparatus  as  the  Pi  tot  tube.  Its 
simplicity  scenic*!  to  him  to  leave  nothing  to  be  desired,  but  its 
indications  were  of  so  minute  a  character  that,  unless  one  had 
the  means  of  measuring  very  accurately  the  indications  of  the 
tube,    the   tube    was   not    liki-ly  to    U-,    at    any  rate    in    measuring 
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tho  flow  of  gases,  of  luucli  value.  In  tliat  councction  the 
additional  value  of  tlio  aiitbor's  iuvestigations,  in  which  he  devised 
the  means  for  measuring  with  extreme  accuracy  the  indications  of 
the  Pitot  tube,  wore  manifest.  When  one  compared  the  reading 
of  the  water-level  in  a  glass  tube  with  the  readings  obtained 
from  tho  micrometer  gauges  used  by  the  author,  a  comparison  was 
being  made  between  two  things  which  were,  one  might  say,  miles 
apart,  and  of  which  the  first  would  have  been  of  no  use  in  dealing 
with  the  indications  of  the  Pitot  tube,  whereas  the  second,  giving  a 
reliability  of  something  like  three  parts  in  a  thousand,  enabled  one 
to  ascertain  the  indications  with  an  accuracy  which  left  nothing  to 
be  desired. 

He  would  like  to  ask  one  or  two  questions.  The  author 
described  (page  269)  a  meter  which  appeared  to  be  a  combination  of 
displacement  apparatus  and  electrical  apparatus.  He  confessed  that 
he  could  not,  on  reading  the  description,  understand  how  the 
differeuco  of  the  water-level  varied  the  amount  of  the  rate  of 
the  electric  current  which  was  used  as  a  medium  for  measuring  the 
quantity  of  gas  passing  through  the  tube.  The  next  question  ho 
wished  to  ask  was,  whether  the  author  had  ever  tried  the  application 
of  the  Pitot  tube  to  the  measurement  of  the  flow  of  steam  through  a 
pipe.  In  many  cases  one  ascertained  the  amount  of  steam  used  by 
a  steam-engine  by  condensing  the  steam  in  a  surface  condenser  and 
weighing  the  water  that  came  therefrom  ;  but  there  were  thousands 
of  non-condensing  engines  in  use  in  which  nothing  of  the  kind  could 
be  done,  and  the  only  method  which  could  be  adopted  then  was  to 
measure  the  feed-water  pumped  into  the  boiler.  But  there  were 
very  many  cases  in  which  the  steam  from  the  boiler  did  other  work 
besides  driving  the  engine  ;  therefore,  unless  all  the  other  work  was 
stopped,  nothing  like  a  correct  measurement  of  the  steam  passing  to 
the  engine  could  be  obtained.  If  such  a  simple  thing  as  the  Pitot 
tube  could  be  applied  to  the  steam-pipe  which  was  taking  steam  to  the 
engine,  it  seemed  to  him  it  would  constitute  a  most  valuable  means 
of  ascertaining  what  that  engine  was  using  in  steam  per  hour. 

He  wished  to  ask  how  the  author  made  quite  sure  that 
there  were  no  eddies  in  the  gas  in  the  pipe  which  he  used.     Ho 
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it   might   bo   prfMumod    that    tbo    fact    that   tbo  nnoke 
■  t,  I^  jKjr  tv  ut.,  or  aomethmg 
>  '  iicAtiuuK,  tliat  if  tbaro  were  any 

fyldio*  tbtfj  (lid  not  materuUIy  affcot  tbo  rotulta.  Mure  probably, 
buwcTer,  uu  aivouut  uf  thu  rery  straigbtforwanl  arraiigi-meDt«  of  tb« 
tube,  tburu  wcru  du  e<l(lioti,  ur  uext  to  uuue.  Uut  bo  ooulJ  oouoeivo 
that  uulu«4i  a  i»6rfi<t<tly  Ktraigbt  tube  of  gruat  luugtb  woa  aduiiUxI, 
o<ldit*8  might  bo  obtained  which  would  aeriuuiily  iuterfere  with  his 
ob«$<.-r rations.  Ho  would  liku  to  know  whothur  tbo  author  bad  met 
with  anj  iustanccii  of  that  kind,  and  if  so,  in  what  manner  ha 
aruidod  the  errors  wbioh  would  result  from  material  amounts 
uf  eddies. 

yir.  Thekltall,  iu  reply  to  Dr.  Glazobrook's  remarks  (^pago  297), 
■aid  he  wished  Dr.  (ilazebrook  and  his  staff  had  carried  out  their 
inToiitigations  two  or  threo  years  ago,  because  it  would  hare  sared 
him  a  great  deal  uf  work,  and  he  would  hare  been  enabled  to 
measure  produoer-gas  rather  sooner.  With  regard  to  the  formula 
that  Dr.  Glaze  brook  had  (Quoted,  he  noted  that  the  coubtant  in  his 
(the  author's)  formula  was  0-'J7  and  iu  Dr.  Stanton's  formula  was 
1  '03.  A  good  deal  of  the  differtuce  was,  as  Dr.  Glaxebrouk  stat^rd, 
due  to  the  fact  that  he  (the  author)  generally  placed  his  side* 
gauge  at  the  side  of  the  tube,  and  not  where  he  ought  theoretically 
to  bavu  placed  it ;  but  some  of  it  was  also  due  to  the  fact  that  a 
d&nge-gauge  did  give  some  little  suction,  and  Dr.  Stanton's  torpedo 
gauge,  with  little  tiny  holes  iu  it,  probably  did  not  give  any  suction 
at  alL  Bearing  that  in  mind,  with  the  results  on  a  C-inch  pipe 
mentioned  in  the  Paper,  he  thought  his  figure  would  come  up  to 
about  0'984,  which  was  not  very  far  from  Dr.  Stanton's  1-03.  It 
liKiked  almost  as  if  Dr.  Stanton  bad  no  suction,  but  that  on  the  other 
hand  be  had  failed  to  get  the  full  pressure  iu  the  Pitot  tube,  iu  this 
rostimbling  Darcy.  He  was  not  surprised  that  Dr.  Glazebrook 
smiled  at  his  hydrodynamics  which,  coniiidered  aa  hydrodynamics, 
were  no  doubt  rather  feeble.  But  the  difference  was  that  Dr. 
Glasebrook,  like  other  people  who  knew  hydrodynamics  properly, 
always  thought  of  the  motion  of  an  element  of  fluid ;  but  he  (the 
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author)  started  tlio  investigation  by  considering  the  resistance  of  a 
lamina,  in  wbicli  tho  results  were  stated  in  tlic  momentum  loss 
corresponding  to  tho  dimensions  of  tliat  lamina.  He  got  into  that 
habit,  and  never  got  out  of  it,  but  it  led  to  exactly  the  same  result. 
Tho  formuhii  obtained  were  quite  different  to  begin  with — ho  was 
quite  frightened  when  he  discovered  that  there  were  such  differences 
— but  when  he  considered  the  volume  of  fluid  and  worked  it  out 
just  as  Dr.  Glazebrook  had  done,  ho  obtained  tho  same  result  as  he 
liad  previously  obtained.  It  was  only  a  question  as  to  whether  one 
thought  of  a  volume  of  fluid,  or  whether  one  thought  of  the  area  of 
the  surface  of  the  obstacle. 

Professor  Unwin's  scholarly  remarks  had  been  exceedingly 
interesting  to  him.  He  had  never  been  able  to  discover  where 
Pitot  described  his  work  of  1732,  and  if  Professor  Unwin  could  give 
him  that  reference  he  would  be  very  much  obliged.  He  was  afraid 
he  could  not  plead  guilty  to  being  unacquainted  with  the  work  of 
Darcy.  He  studied  Darcy's  work  extremely  carefully,  and  on  two 
separate  occasions  made  complete  abstracts  of  that  part  of  the 
investigation  dealing  with  the  Pitot  tube  and  velocity  distribution. 
But  he  pleaded  guilty  to  being  ignorant  of  Bazin's  work.  Bazin's 
work  in  regard  to  gauging  was  of  course  well  known  to  him,  but  he 
had  not  looked  him  up  in  connection  with  the  testing  of  Pitot  tubes, 
and  should  be  glad  to  have  the  reference.  He  knew  it  was  absurd 
for  him  to  set  up  his  opinion  against  Professor  Unwin's,  but  ho 
spoke  advisedly  when  he  said  that  he  thought  Darcy's  result  as  to 
the  radius  of  mean  velocity  was,  to  some  extent,  theoretical,  and  he 
was  prepared  to  adhere  to  that  position.  It  was  tho  result  of  a 
mathematical  discussion  of  the  experimental  results  of  smooth 
uniform  circular  pipes  of  uniform  slope,  and  any  attempt  to  apply 
the  formula  to  other  conditions  was  based  on  some  assumption  or 
other.  Professor  Unwin  bad  appeared  to  attribute  to  him  (the 
author)  some  general  statement  as  to  the  radius  of  mean  velocity. 
This  however  was  far  from  the  authors  intention,  for  his  view  was 
that  in  iiractical  cases  of  gas  measurement  there  was  no  such  thing 
as  a  circle  of  mean  velocity  with  a  radius  which  cnuld  be  assigned 
1  eforchanrl.     The  values  seeiped  to  congregate  about  the  number  0  •  77, 


frs  ;r»«t.  vci  ociTV  or  ak*t*  \s  vutA.  3«>9 

li;i  f  ::"  .:!•..  ''.:»t   aiiv  t."  !i.  ral  ttUtement  wmii 

■  ■lit  ■•!  :■      ■,  .     •     ■ 

With  rt't^anl  U»  llu<  n  hult  Uy  ProfiMAor  Udwin  m  to  Ibo 

otiiwUnt  ol.Uinwl  l>y  Darry,  u*nu»  Iv,  the  Jifferenoo  between  0-*jy7 
MDil    lO.M,  bo   fonntKl    an    rxiHJOtliu^ly  Jofinito    opinion    tbat    lbo»« 
ti(;ttn<«  inipliritly  cuuUiuMl  a  claim  for  acounuy  iH.'rftx:tly  unjuiitifi«d 
by  tbo  apparatus  wbicb  Darcy   bad  at  bia  diapuaal.     No  doubt  tb« 
li(;ure«  quot«d  appeartnl  hk  tbe  avcraj^ti  of  all   Darcy's  olwienratioute, 
but  they  w«ro  limply  obtaiiUHl  by  taking  advantage  of  a  vaht  number 
t»f  obfierrationa,  bis  ap}»aratus  being  incapable  of  giving  retiulta  of  tbe 
preciKion  implied.     Profeutior  Tuwin   bad  Buticipat<^d  a  quentiou  ho 
would  like  to  have  aiiked,  namely,  bow  be  ( Profoaiior  I'uwin  <  came  t*i 
iuTout  the  fluu^e-gauge.     Proftiuior  Unwiu  liad  btated  that  it  waa  M. 
Duply's  inTontion,  and  it  certainly  was  an  extremely  ingenious  one. 
Hut  there  still   remained  for  liomelKHly  to  explain  why  it  was  that 
the  Buctiou  in  an  open  tube,  with  infinitely  thin  walla  as  opposed  to 
the    flange-gauge,    should    bo    practically    equal    to   the   Pitot-tube 
jtressure.      Proft-ssor   Unwin'a  explanation   merely  amounted    to    a 
restatement  of  the  facts  in  such  a  way  that  they  were  brought  into 
line  with   the  general  theorems  of  bydriHlynamics.     In  regard   to 
Prufeiisur  Unwin's  criticism  of  his  use  of  the  idea  of  the  annihilation 
of  the  gas,  he  could   only  refer  to  the   text,  from   which  it  would 
appear  that  he  ( the  author  i  had  been  mitquottd.     No  doubt  he  ha«l 
i^mehow  failed  to  make  his  meaning  clear.     It  had  been  suggested 
by    Professor    Unwin    that  the   Vonturi  meter  might   be  used  :  the 
Venturi  meter  was  used  in  water,  and  it  no  doubt  might  be  used  for 
•^THS.     There  were  many  ways  in  which  one  might  make  a  meter,  now 
lie  knew  that  the  Pilot  tube  gave  reliable  results,  by  which  the  meter 
iuld  bo  calibrated.     With  regard  to  making  the  VentJiri  pi}*  part  of 
.1  gas-main  :  when  one  hati  a  main  I  or  o  feet  in  diameter,  one  liked  to 
interfere  with  it  as  little  as  )K>Ksible ;  such  a  big  main  was  extremely 
expensive,    and    to    make   a    Venturi    L*outraction    on    such    a    scale 
would  also  bo  very  expensive.      lio  did  not  know  bow  ho  came  to 
give    the    imprtssion — as  he  appeared    to    have    givtn    it — that    he 
thought    it    was    possible    for    gas   to   bo   annihilated.     His   view 
waR,  thnt  if  the  gas  had  been  annihilate^!,  then  the  momentum  Iokk 
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would  be  so  and  so^  and  the  pressure  set  up  so  and  so  ;  but  as  it  was 
not,  lie  bad  to  look  round  and  see  wbat  tbe  otber  conditions  were  : 
and  from  bis  way  of  looking  at  it  tbe  pressure  set  up  in  tbe  Pitot 
tube  could  not  be  greater  tban  tbe  pressure  bead  giving  an  equal 
velocity  of  eflflux.  Wbile  dealing  witb  tbe  question  of  tbe  Yenturi 
meter,  be  would  like '  to  be  allowed  to  ask  Professor  Unwin  a 
question.  He  bad  beard  a  statement  to  tbis  effect — be  did  not  know 
witb  wbat  trutb,  and  be  could  not  trace  tbe  source  of  tbe  remark, 
except  tbat  be  knew  it  came  from  a  reliable  source — tbat  tbe  Komans 
were  acquainted  witb  tbe  Venturi  moutb-piece,  and  tbat  certain 
classes  paid  for  water  on  tbe  basis  of  so  mucb  for  a  connection. 
Tbey  were  sufficiently  well  posted  to  be  able  to  put  on  a  Venturi 
moutbpiece  and  steal  tbe  water  by  taking  advantage  of  tbe 
properties  of  tbe  Venturi  moutbpiece. 

Witb  regard  to  tbe  density  of  producer  gas,  in  practice  for  a 
given  producer  tbat  did  not  vary  appreciably.  Witb  regard  to  tbe 
difference  of  radii  of  mean  velocity  as  given  by  bis  observations  and 
tbose  of  Darcy,  be  could  say  tbat  be  bad  tried  bis  in  all  ways,  and 
tbat  tbe  difference  was  not  to  be  explained,  so  far  as  bis  observations 
were  concerned,  by  observational  error.  He  began  by  supposing  be 
migbt  be  in  error,  but  be  bad  tested  bis  results  in  every  way,  and 
be  was  certain  of  tbem.  He  did  not  now  expect  to  get  tbe  same 
results  as  Darcy.  He  bad  never  examined  a  pipe  in  wbicb  tbe 
conditions  corresponding  to  a  uniform  slope  bad  been  sufficiently 
satisfied,  nor  bad  tbe  condition  of  getting  a  uniform  flow  at  tbe 
inlet,  or,  in  tbe  alternative,  an  infinitely  long  pipe,  been  sufficiently 
satisfied.  Professor  Unwin's  remarks  on  matters  of  tbeory  were  based 
on  tbe  bydrodynamics  of  frictionless  fluids ;  no  doubt  tbe  autbor's 
treatment  was  lamentably  defective,  but  it  bad  tbe  merit  of  not  taking 
for  granted  tbat  producer  gas  would  bebave  so  nearly  like  a 
frictionless  fluid,  tbat  calculations  involving  large  sums  of  money 
could  be  safely  based  on  tbat  bypotbesis. 

In  reply  to  Mr.  Lea,  be  was  sorry  tbat  be  did  not  make  tbe 
meter  clear,  but  be  would  explain  it  if  be  wisbed  bim  to  do  so. 
Tbe  way  in  wbicb  tbe  apparatus  worked  was  as  follows  :  tbe  current 
went  tbrougb  tbe  coils  of  a  dynamometer.     Wben  tbe  arm  of  tbe 
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tlyn»moiiK«tcr  win*  imlloil  tlo\vii«"ur«lrt  Ity  the  ritot-tuU?  j)roiw:irf,  it 
lutiilu  a  uoutHct  which  opcrutuJ  variouit  luuchuuisuiH,  and  let  iuur« 
current  through  the  hulaucc  to  uppuse  tho  Pitot-tubo  prosMure.  Him 
iXjH'rimoutK  t»ii  htcuiu  wcro  nut  yt-t  ripo,  hut  he  might  niontion  thut 
thiTt!  was  tin  extra  ilifliculty  in  ihiit  tho  tlcnsity  of  Htcuui  wtt8  of 
CDurso  vnriablu  with  tho  preMsuru.  In  tho  caso  of  producer  gas, 
which  was  uIv%-ayH  nearly  at  atinoMphcrie  pressure,  the  deunity 
might  hu  takoa  as;  nearly  constant.  A  question  had  been  asked  as 
to  how  he  made  Kure  thero  weru  no  eddies.  His  answer  was,  that  he 
did  not  make  sure.  There  was  au  exporimcut  described  iu  Ap{)endix 
IV  (page  287)  dealing  with  that  part  of  tho  subject,  in  which  he 
stated  that  he  put  iu  a  stream  of  smoky  air  into  his  main  air-stroam, 
in  order  to  show  what  eddies  there  were. 

In  conclusion,  he  wished  to  be  allowed  to  thank  those  goutleuien 
who  had  taken  jiart  in  the  discussion. 


Communicnilon. 

Mr.  C.  H.  WiNQFiEi.D  wrote  that  the  author  attributed  the 
"  suction  "  iu  a  piece  of  tube  jdaced  across  tho  path  of  a  column  of 
air  to  motion  imparted  to  its  contents  (page  250 ).  Tho  writer  thought 
tho  explanation  be  had  himself  given  *  in  the  Proceedings  of  tlie 
Institution  of  Civil  Engineers  (rjOl-2,  vol.  cxlvii,  page  23-1 1  a  more 
jtrobable  one,  as  it  accounted  better  for  the  action  of  Professor 
Unwin's  discs,  Fig.  !•]  (page  302),  and  also  for  the  fact  that  such 
'*  suction  "  did  not  occur  when  the  side-tube  ended  flush  with  the 


*  This  was  the  effect  that,  when  air  blows  across  the  cylindrical  part  of  :i 
proji-ctiug  tulic,  tho  premure  on  the  leeward  side  of  the  latter  is  \&u  than 
I  Isewhere.  Air  tends  to  How  into  this  epace  of  low  pre««ure  from  all  points, 
and  the  air  which  tlius  tends  to  i-omc  from  the  tul)e  reducis  tho  pressure  in  tlie 
latter  helow  the  true  jiressure  of  the  air  in  tljo  main  current.  Professor  Unwin's 
discs  shield  the  end  of  the  tube  from  this  low-pressure  space.  When  tlie  tube 
does  not  project,  the  air  cannot  blow  across  tlie  cylindrical  part,  and  cannot 
therefore  form  a  rpuce  of  low  pressure  behind  it. 

Z 
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interior  of  the  air-duct.  He  diil  not  know  wlactlier  the  author  would 
consider  it  a  "  proper"  theory  (page  250,  line  13),  but  it  certainly 
fitted  the  facts. 

He  was  rather  surprised  to  see  no  mention  of  the  side-gauge  tip 
which  was  used  by  the  Pennsylvania  Railway,  and  which  he  had 
described  in  the  place  cited  above,  as,  though  Professor  Unwiu's 
discs  were  excellent  if  the  flow  of  air  was  normal  to  the  axis  of  the 
tube,  he  did  not  think  they  were  free  from  error  when  this  was  not 
the  case.  Since,  as  pointed  out  by  the  author  on  page  248,  this 
motion  of  the  air  was  turbulent,  and  therefore  not  always  parallel  to 
the  face  of  the  disc,  it  would  seem  that  the  wii-e-gauze  sandwich  used 
by  the  Pennsylvania  Eailway  Company  would  be  likely  to  give 
more  exact  results.  It  had  been  proved  to  be  quite  unaffected  by 
the  direction  in  which  air-currents  struck  it. 

The  experiments  described  in  the  Paper  seemed  to  confirm  very 
satisfactorily  the  general  belief  of  engineers  as  to  the  accuracy  of 
the  I'itot-tube  method  of  measuring  velocities. 

Mr.  Thkelfall  wrote,  in  reply  to  Mr.  Wingfield,  that  it  was  a 
fact  that  flanged  gauges  did  in  general  give  a  slight  suction  as  stated 
by  him.  The  wire-gauze  side-gauge  referred  to  was  not  known  to 
the  author  when  working  with  air  of  measured  velocity,  or  he  would 
have  examined  it.  Some  trials  were,  however,  made  with  a  side-gauge 
plugged  with  cotton-wool — a  practice  which  had  been  in  use  for 
years,  and  which  gave  quite  good  results ;  such  side-gauges  were 
unsuitable  for  producer-gas,  because  they  got  clogged  by  tar. 

In  regard  to  the  action  of  simple  apertures  opening  into  the  sides 
of  the  air-duct,  the  author  could  confirm  Mr.  Wingfield's  statement  that 
they  gave  no  suction ;  but  he  had  always  regarded  the  explanation  of 
this  as  depending  on  the  absence  of  motion  at  the  boundary. 
Mr.  Wingfield's  theory  of  side-gauge  suction  was  interesting,  but 
was  certainly  not  a  "  proper "  theory  in  the  author's  use  of  the 
term,  which  was  meant  to  imply  a  complete  hydrodynamical  theory 
without  "  simplifications,"  and  giving  quantitative  results. 
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(lI)C  x^nsfilution  of  ^^Hfrhanirnl  (L-iiQinffrs. 


V  n  O  C  E  E  D  1  N  G  S 


Mahch  1904. 


Au  OuDiNAUY  Gknkual  Mkktino  was  bold  at  the  Infititution  on 
Friday,  IHth  March  1904,  at  Eight  o'clock  p.m. ;  J.  Hahtlky 
WicKSTEKD,  Estj.,  President,  in  the  chair. 

Before  proceeding  to  business,  the  Pbesioent  asked  the  Members 
to  rise  with  him  in  order  that  they  might,  by  a  silent  vote,  eipre«i8 
their  couduleuce  at  the  los8  uf  a  suldier  uf  the  Ruyal  Houso — the  Duke 
of  Cambridge — who  had  been  an  Honorary  Member  for  more  than 
twelve  years,  and  who  had  twice  honoured  the  Institution  by  his 
presence  at  its  Anniversary  Dinners — in  189*2  and  1897.  Ou  both 
these  occasions  all  those  whu  had  been  jtrc-sent  wuuld  remember  thu 
straightforward,  manly,  common-sense  speeches  which  he  made. 
The  late  Duke  of  Cambridge  had  departed  leaving  nothing  but 
regrets ;  and  he  thought  that  few  men  ever  lived  for  eighty -five 
years  without  making  a  single  enemy  sj  completely  as  he  had  done. 
The  Members  felt  the  loss  not  only  to  themselves,  but  they  also 
sympathised  with  the  late  Duke's  family,  with  the  King,  and  with 
his  royal  connections.  His  Koyal  Highness  wtis,  he  thought,  the 
last  of  his  generation,  and  was  distinguished  by  the  great  qualities 
characteristic  of  his  race. 

The  vote  was  curried  in  silence,  all  the  Members  upstanding. 

The  Minutes  of  the  previous  Meeting  were  read  and  confirmed. 
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EtF.CTiO\    OP   NEW    JlElltJERS. 


March  lool. 


The  ruEsiDKMT  amiounccil  tliat  tlie  Ballot  Lists  for  tLe  election 
of  New  Members  bad  been  opened  by  n  committee  of  tbo  Council, 
nnd  that  tbo  following  eiglity-two  candidates  wore  found  to  be  duly 
elected : — 

ME^FDEKS. 


Ames,  Eicharb,  . 

Eage«,  Jonx, 

Haden,  William  Nelson, 

HooKHAM,  John  Albert, 

HowLDKN,  Edwin  Francis, 

Knowles,  John  William, 

Miller,  David,  . 

Motion,  Eobert, 

Norman,  James,  . 

Pattinson,  Joseph, 

Thomson,  George, 

Warlow,  Frederick  Arthur, 

White,  Charles  Fitzwilliam, 

"Wood,  Walter  James, 

AA'oolliscroft,  George  William, 


Nottingham. 

Burry  Port. 

Trowbridge. 

Stoke-on-Trent. 

Doncaster. 

Bradford. 

Liverpool. 

Glasgow. 

London. 

Newport,  Mon. 

Edinburgh. 

Sheffield. 

Lahore. 

Great  Grimsby. 

Derby. 


associate  members 
Back,  Walter  Herbert, 
Bell,  Allan, 
Bent,  John  Braduluy, 
Berry,  Pobert,  . 
Buarucha,  Fakirjee  EuLLJi.K, 
Bland,  John  William, 
Burt,  John  William  Edward, 
Cox,  Kenneth  Eobert  William, 
Croft,  Frank,    . 
])oBSON,  Benjamin  Palix, 
Don,  John, 

Evans,  Malcolm  Thomas, 
Forsyth,  Eeginald  James,    . 
Forsyth,  William,       .      .    . 


Great  Yarmouth. 

Liverpool. 

Leicester. 

Manchester. 

Lahore. 

Bradford. 

Cardiff. 

Manchester. 

Bradford. 

Bolton. 

Peterhead. 

Manchester. 

Manchester. 

Chichigalpa,  Nicaragua. 


M  »«.  II  l«vj. 


cLCcnosr  or  viw  mkudkui. 


SIS 


FaADLBT,  lIsiUIKttT  TuOM Al. 

Oatkt,  Aktiiuu,. 

(lILI-,  CUAULWM  KdOAU,. 

iKUKO,  Hkuukut  Cuauum,  . 
(irHiDACur,  William  (iKOKritKY. 

lic^KETU,  TuOMAIi, 

Hl'HKKT,  FuKDKItlCK  KlNNKKR  EvUK. 

KiTCHiK,  William  Aucuibalu, 
Lake,  IIknut  Haukkh, 

LaNGDO.H,  HaIUiLO  AuTIU'lt  WlLUAM, 

Lebkh,  Juun  He.nuy,    . 
Lkwid,  William  Yoiiath, 
LibUMAN,  Juun  Jamks,  . 

MaCKKSZIK,  ALFBEO  Dot'GLAH. 

!Macki:&8ack,  Hauut,    . 
Maxi«kikld,  Kuask, 
^Iattukwb,  William  Edwaki'. 
Maw,  Robert  Lewis,   . 
Mot'LihB,  John  IJaynkb, 
McDkumott,  HCQII, 
McuDocu,  Alexandkk  Gkmmbll, 
Nelsos-Babuett,  Joux  Mathew. 
Kuodeb,  CuABLEg  JosErn, 
Sandaljiax,  Ueubos,    . 
Smith,  Cadkb  Alpued  Middlkton, 
Smyth,  Kobeut  Hksuy, 
Stosebuidgk,  Autudb  Watson. 

MEATMAN,  UaBBT, 

-  VMOX8,  James  Fbancih, 
I'hum,  John, 
Waduam,  I{obi:bt, 
Ward,  Acgubtine  Melliah 
Williams,  Damel, 
WiL!«os,  William  Uoxton, 


Dubltu. 

JohRnucKbtirg. 

Now  Orleniijt. 

N  V  wetutlo-ou  -Ty  uo. 

Ihithy. 

Folk  Oil  touo. 

London. 

LodJou. 

Rirmiughani. 

Tucaoas,  VcuezuoU 

London. 

(IravB,  EfiM  X. 

Lrh  Palmuh. 

Loudon. 

Newo«8tlo-on-Tyno. 

Sydney. 

Cardigan. 

Luiidou. 

Liw  Angelus,  Cul. 

Loudon. 

Ltudou. 

Delhi. 

Wokefield. 

Loudon. 

Loudon. 

Uitenhage. 

London. 

London. 

London. 

Loudon. 

Stock  holui. 

Dartford. 
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I\1aihii  1;H)1. 


GUADU. 

Atkins,  Authur  Hknuy, 
li HOCKLEY,  Caul  Wilton, 
BussEY,  Lionel  Euxest, 
Cakteu,  EnxEST, 
Child,  Percy  Douglas, 
Cryer,  Jamks  Wilfred, 
Denman,  .loHx  Percy,  . 
Engert,  Fredrick  Percy, 
Engholm,  Frank  Goldie, 

EVERINGTON,  ChAULES  GoRDON, 

Harris,  John  Edward, 
Hodgson-Stevens,  Antonio  Rodovaluo. 
HuGHKs,  William  Clare, 
Law,  Horace  Cecil,    . 
Lloyd,  George  Wilmot, 
MacCallum,  Andrew  Hdmphrey, 
Nash,  Henry  Algernon  Fraser, 
Perrott,  AVilliam, 
llicHARDsoN,  John  Stocks,    . 


London. 

Stroud,  Glos. 

London. 

Jalpaigure,  India. 

Ipswich. 

Bolton. 

London. 

London. 

London, 

Erith,  Kent. 

Chester. 

London. 

London. 

liirmingham. 

London. 

London. 

London. 

Cork. 

Leeds. 


The  President  announced  that  the  following  fifteen  Transferences 
had  been  made  by  the  Council  since  the  last  Meeting : — 

Associate  Members  to  Members. 


Atkinson,  Frederic,     . 

Atkinson,  Henry, 

Barrow,  Louis,   . 

Barty,  Alexander  Douglas, 

Fox,  Henry  Siioolbred, 

Gilling,  Arthur  Hewitt, 

Graham,  Hubert  Berger,     . 

Hunt,  Henry, 

Johnston,  Charles  Morison, 


London. 

London. 

Birmingham. 

Prescot. 

London. 

Liverpool. 

Birmingham. 

London. 

Shrewsbury. 
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MacIvum,  Alkxamukm.  .  .  Darwen. 

STEniKNii,  CiuHLK«  li«>iii  I  I  .  .  Falmouth. 

Wam-ku,  William.        ....  Ixiiulon. 

WuKi.ifin)!*,  Frakci*  Alan.  LuuJuu. 

\V\i.i>,  William,  ...  DoucaMtor. 

(JtraAuittc  to  A**ocialc  Mrmber. 

MvuTEN,  IIuBRiiT  HiNUON,      .  .  Londuu. 


The  fullow'iug  Paper  WM  read  aud  jnirtly  diacuttfiod  :  — 

i'uiupitund  Locomutives  in  Fraucu "  ;  by  M.  Edooako  Sauvagk, 
MtmbfT,  Chief  Couiiultiug  Engineer,  Weetem  Itailway  of 
France. 


Tho  Meeting  termiuated  at  Ten  o'clock.      The  attendance  was 
1  S'J  Members  and  111  Visituns. 


VmiL  1904. 
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rune i:i:i)  I  N(;s, 


Apmil  VJOi. 


An  OftOiXABT  (iKNEBAL  MsmNO  wkM  lu'lJ  at  the  luiititutiuD  on 
Friday,  IStli  April  l'.»04,  at  Eight  o'clock  i»  iii.  ;  J.  IIahti.kt 
WicKSTKKD,  K*t\.,  Pn^itlrJit,  in  the  cliair. 

Tlif  MiimUb  of  tliu  pruviuun  Meeting  wore  rt-ui  and  ouufirmc-«l. 


The  Phuidest  announced  that  the  Ballot  Liiitii  for  the  election 
of  New  Members  had  been  o{>ened  by  a  committoo  of  the  Council, 

and    that    the  following  eighty  candidutoM  were  found  to   bo  duly 
I  lectod  : — • 

MK1IUKU8. 

Baxtkk,  Gkohgk  IIaxdybioe,     .  Olaagow. 

IkcKLEY,  Edwin  William.  .Maucheater. 

<  LARK,  HcKBY,        ....  Suuderland. 

CoCHBAXS,  TUOMA8  Ul^MiY,  CapUiiu  K.K.,    .  Kt»the^ttrr. 

Eastwood,  William,        .  I'reiitou. 

Hu(UT,  HcuEUT  DKciMrH,  BueuoB  Airoa. 

Kbat,  Jambb,  Bimiiugham. 
Lawks,  Geobge  Elliot,    .  • '.laerua. 

Little,  John,  .  .  -  . 

Mc3Iahom,  Pktbb  Valbmtisi:,  .  Loudon. 

MlLKH,  WiLUAM  EdWAHD,  ....  Woolwich. 

PABTBIDGE.  I1k.NUY  UaLPU  ChaUI'ION.  BoltoU. 

IlocoHT,  Chauleh,  ....  London. 

SrcKBiEB,  IlK.HitY.    .  .  Pfeaton. 

Watt,  Adam,  lIurtlopouL 
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AiMui-  loot 


associate  members 
Baholay,  Wallace, 
Barnes,  Archibald, 
Blaker,  Alexander  Aubrey, 
Cawthra,  James  Herbert, 
CouLTON,  Ivor  Bertie,    . 
Daniel,  William  Henry, 
Douglas,  Charles  Edward, 
Dow,  Harold  Percy, 
Edward,  Frank,     . 
Ellis,  Jesse,  Jun., 
Farnham,  William  Augustus, 

GOODBEHERE,  EuiC, 

Gregson,  Bryan  Padgett, 

Griffiths,  Ealph  Stanley, 

Guyatt,  David  John, 

Hall,  Samuel, 

Hanbury,  Herbert  Wood, 

Harden,  George  Frederick  St.  Clair, 

Hart,  Herbert  Alfred, 

Kenyon,  George  Cecil,  . 

Kitchen,  Jonathan, 

Luke,  Richard  Montague, 

Manuel,  Constantine,     . 

Marshall,  Reginald, 

Martin,  Percy, 

Michell,  William  Henry,  Engineer-Lieut 

Newton,  Percy, 

Parkin,  Thomas, 

PowNALL,  Joseph  Harold, 

Purse,  Frederick  Walter, 

Reeve,  Robert  John  Robey, 

Rigby,  Thomas, 

Robey,  Ernest  William, 

Rogers,  Ernest  Henry,  . 

Rossiter,  William  Morgan, 


R.N. 


Glasgow. 

Sheffield. 

Loudon. 

South  Shields. 

Dublin. 

Leeds. 

JMauchester. 

London. 

Stroud,  Glos. 

Maidstone. 

Sidcup,  Kent. 

Basle. 

London. 

London. 

Wednesbury. 

Plymouth. 

Glasgow. 

Glasgow. 

Cardiff. 

Liverpool. 

Luton. 

Plymoutli. 

London. 

London. 

Coventry. 

Portsmouth. 

Wolverhampton. 

Sheffield. 

Grimsby. 

Warringtou. 

London. 

Manchester. 

London. 

Manchester. 

London. 


Armt  I9(»l. 


KI.ITTIUN    or    M.W    MUMHKIia. 
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SciioriKUt.  Sami'kl  Dkan. 

SoAMKS,   KUKKIIT  AUTIIUH. 

Si'tUNQ,  AuTiii'u  Lawuknck, 
8tiioj(o,  William  IIknut. 
SiTCUKKK.  Inch  AM, 

WaLKKU,  AUTIILIl,    . 

Wku^,  Kuwaku  Nklmun, 

WitlTK.  TlltiMAli  HyLKU,    . 
WuiTKllOt'liK,  (iKUUGK  HkNKV. 
W1LLIAM8,  CUAULKS, 
WlLLIg,  GkoHGB  ObWALl)  UkLL, 
WlLUiUKAU,  KUM  AUI>, 
WWWALI.,  JuHN   \Vu.l.lAM, 


-'  :!•!.■>•,  York*. 
I.W1..I0U. 
Hull. 
HriiiUtl. 

I.i!:.  ..111. 

LoaJoii. 

Wtht  Crojrdou. 
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TRANSFERENCES. 


Ai'iuL  1904. 


The  President  aunounceil  tbat  the  following  five  Transferences 
hatl  been  made  by  the  Council  since  the  last  Meeting : — 


Dronsfield,  James 
Epton,  William  Martin, 
Newell,  Ernest, 
Petter,  Ernest  Willodghbv, 
Ryder,  George  Albert, 


Associate   ^[(niihrrs  to  3rcriihcrs. 

Oldham. 
Johannesburg. 
Gainsborough. 
Yeovil. 


Bolton. 


The  Discussion  was  resumed   and   concluded   on  the  following 
Paper : — 
'•Compound  Locomotives  in  France";  by  M.  Edouard   Sauvagk, 

Memhei;   Chief    Consulting    Engineer,   Western    Eaihvay   of 

France. 


The  Meeting  terminated  at  Ten  o'clock.     The  attendance   was 
132  Members  and  62  Visitors. 


ANNIVERSARY    DINNER. 

The  Anniversary  Dinner  of  the  Institution  was  held  at  the 
Hotel  Cecil,  Strand,  London,  on  Thursday  evening,  14th  April 
1904.  The  President  occupied  the  chair;  and  the  following  were 
among  the  Guests  who  accepted  the  invitations  sent  to  them,  although 
those  to  whom  an  asterisk  *  is  prefixed  were  unavoidably  prevented 
at  the  last  from  being  present. 


A-r..  ir-,i  lltXirriUUIiY   mSTMBB.  '<'•■! 

Tlu     lini\il    Hun.    Sir    KcUtrJ    Fry.    I».C.L,   LL.D ,   K.KS, 
Pruoidfut  of  tho  (\»urt  »if  Arbitr»tion,  Metrt)iK>liit  \V»U>r  Act  lyU'J; 
Tlio  Iti;;!!!  IIou.  llunry  IIobhoiiM',   M.I*. ;  Sir  Julm  Wulfe  Barry, 
K.C.B.,   LL.D.,    F.11.S,    Member    of    tlio    t'ourl    of    Arbitratiou, 
'      V,  Art   1902;    Sir   (JeiT^o  C.  T.   lUrlloy,  K.(MJ., 

IIulUm«;  Lt.-Colonel  H.  C.  L.  HolJon,  F.IiS., 
8upt>nQteii(Icut,  Itoyal  (ian  Fact^iry,  Wool  wick ;  Captain  C.  H. 
Storkton,  Nuval  Attnclii',  TuiUd  Sutea  Kmbaauy ;  •Mr.  F.  T. 
M  irzialg,  C.H.,  Accuuutaiit-(toiu*ral  of  tho  Army;  "Mr.  II.  M. 
luuilicroft,  Chairman  of  tho  Mutroi>olitan  Water  Board;  Tho  llou. 
.1.  1).  FiUtGerahl,  K.C. ;  Dr.  William  Ganiett,  SoortUry  of  the 
Ttihuical  KJuc^ation  Board,  Ixindon  County  Council;  Mr.  J.  II. 
I'.alfour  Browne,  K.C;  'Mr.  C.  A.  Crin*,  K.C.,  M.I'.,;  'Mr. 
(  .  W.  l>arloy,  Cousultiug  Engineer  to  the  New  South  Waits 
(luvcrumunt. 

Sir  William  H.  WhiU-,  K.C.B.,  LL.D.,  F .U.S.,  President  of  the 
Institution  of  Civil  Kugineer« ;  'Sir  Norman  I-ockycr,  K.C.B., 
LL.D.,  F.R.S.,  President  of  the  British  Association;  Dr.  B.  T. 
(il  .  h  -r.  r.K.S,  President  of  tho  Physical  Society;  Mr.  B.  K. 
(i:.iv,  if. -:  H'Ut  of  thy  Institution  of  Electrical  Engineers;  Mr. 
Albert  Buck,  President  of  the  Surveyors'  Institution ;  Mr.  Alfred 
Saxon,  President  of  tlie  Manche8t4.-r  AssociatioD  of  Engineers; 
Mr.  D.  B.  Butler,  President  of  the  Society  of  Engineers  ;  Mr.  H.  E. 
Jones,  President  of  tlie  Institution  of  Gas  Engineers. 

•Mr.  Dugald  Clerk  ;  Mr.  Bichard  Dalgliesh  ;  Mr.  B.  A.  McLean, 
-\  ':tur;  •Mr.  H.  L.  MiUar.  Treasurer;  Mr.  Arthur  Pa-,  t. 
tary  to  the  Court  of  Arbilrati«»n,  Metro]>olis  Water  Act  IV'  J  , 
Dr.  T.  E.  Stanton  ;  CapUin  A.  G.  Stevenson,  BE.,  Central  South 
African  Builirays;  Bfr.  C.  E.  Stromeyer ;  •Mr.  Bichard  Threlfall, 
l.B.S. 

The  President  was  8up]H)rte<l  by  tho  following  officers  of  the 
liiBtitnlion-.—J'att-PrfsiJeHln,  Sir  Edward  II.  Carbutt,  Bart;  Mr. 
^umuel  W.  Johnson  ;  Dr.  Alexander  B.  W.  Kennedy,  F.B.S. ; 
•Mr.  William  II.  Maw;  Mr.  E.  Windsor  Bichards  ;  and  'Mr.  Percy 
G.  B.  Westmacott.  Vice-Pre$idenl$,  Mr.  John  A.  F.  Aspiuall ; 
Mr.  Edward  B.  Ellington;    •Mr.    .Vrthur    Kun;    Mr.    Edward   P. 
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Martiu,  and  Mr.  A.  Tannett- Walker.  Members  of  Council. — *Mr. 
Henry  Davey ;  Mr.  Henry  Lea  ;  *Sir  William  T.  Lewis,  Bart.  ; 
Mr.  Michael  Longridge ;  Mr.  James  Mansergh,  F.E.S.  ;  Mr.  Henry 
D.  Marshall ;  and  Mr.  J.  F.  Eobinson. 

xVfter  the  President  Lad  proposed  the  loyal  toasts,  Captain 
C.  H.  Stockton,  United  States  Naval  Attache,  proposed  that  of  the 
"  Houses  of  Parliament,"  which  was  acknowledged  by  Sir  George 
C.  T.  Bartlet,  K.C.B.,  M.P. 

In  proposing  the  toast  of  "  Scientific  Education,"  Dr.  Alex. 
B.  W.  Kennedy,  F.E.S.,  Past-President,  referred  to  the  progress 
which  the  scientific  training  of  engineers  had  made  during  the  past 
thirty  years.  In  1874  there  was  hardly  a  single  complete 
engineering  course  of  any  kind  in  London ;  now,  no  important 
town  felt  that  its  educational  system  was  complete  unless  it 
included  a  full  engineering  course.  He  was  not  sure  that  we  were 
free  from  the  danger  of  going  wrong  in  the  manner,  rather  than 
in  the  matter  of  scientific  education,  so  far  as  their  profession  was 
concerned.  They  would  never  get  the  scientific  side  of  engineering 
properly  dealt  with  unless  their  teachers  could  be  persuaded  that 
science,  to  Engineers,  was  not  an  end  in  itself,  but  a  means  to  an  end. 

The  Eight  Hon.  Henry  Hobhouse,  M.P.,  responding  to  the 
toast,  said  that  one  must  be  blind,  indeed,  not  to  recognise  iu  the 
circumstances  of  the  present  day  that  there  was  a  growing  need  for 
more  training  and  instruction  in  science  than  there  was  in  the  past. 
But  in  our  zeal  for  science  it  must  not  be  forgotten  that  all  scientific 
education,  to  bo  of  any  avail,  must  be  founded  on  a  firm  basis  of 
sound  general  education. 

Mr.  J.  H.  Balfour  Browne,  K.C,  in  proposing  the  toast  of 
"  Kindred  Societies,"  referred  to  the  danger  of  carrying  specialism  in 
the  engineering  profession  too  far,  and  suggested  that  the  profession 
was  separated  and  segregated  into  different  camps  by  mere  names. 
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Sir  Wii.LiAM  II.  WuiTK,  K.r.R.,  I'reKitluntof  the  lustitutiouuf  C'iril 
EugiuoLTS,  in  rt|»ly,  siiid  it  had  bocu  hiigi^estcd  tliut  tlio  uugiuooring 
ttucioties  of  this  cuuutry  woro  uut  8u  uuite<l  u8  they  might  Le.  As  a 
matter  of  fact,  the  Institution  of  Civil  Kngiuocre  had,  from  the 
niumeut  of  its  cstubliKhinent,  CDUtempIutcd  and  embodied  the  idea  of 
unity  aiming  the  differout  bruuchoH  of  the  j)ri»fo««iou.  There  was  no 
branch  of  engineering,  except  the  military,  which  did  not  find  its 
home  in  that  Institution,  and  that  was  the  reason  why,  on  occasions 
like  this,  the  President  of  the  Institution  of  Civil  Engineers  ttood 
forward  to  represent  the  Kindred  Societies.  The  different  societies 
had  not  their  lines  of  demarcation  firmly  determined.  There  was 
nothing  of  the  kind  such  as  existed  amongst  trade  unionists,  where 
one  man  could  put  in  a  pipe  measuring  2^  inches  in  diameter, 
while  a  man  of  a  different  class  had  to  be  found  to  put  in  one 
which  measured  o  inches.  Engineers  looked  upon  Mechanical 
Engineering  as  affording,  in  some  sense,  a  common  meeting  ground — 
the  foundation — of  much  of  their  work.  They  all  recognised  that 
the  members  of  the  profession  who  devoted  themselves  to  mechanical 
engineering  helped  those  of  the  kindred  societies  in  a  wonderful 
and  never-failing  way. 

Dr.  R.  T.  Glazebbook,  President  of  the  Physical  Society,  also 

responded  to  the  toast. 

Sir  Edwaud  H.  Carbutt,  Bart.,  Past-President,  proposed  the 
toast  of  "Our  Guests,'"  which  was  acknowledged  by  Sir  John  Hollams 
and  Lieut.-Colouel  II.  C.  L.  IIoldf.n,  F.R.S. 

The  Plight  Hon.  Sir  Edwabd  Fay,  in  proposing  the  toast  of 
••  The  Institution  of  Mechanical  Engineers,"  mentioned  that  the 
Institution  was  founded  in  1847,  and  described  its  gradual  progress 
from  small  beginnings  to  its  present  important  position,  there  being 
now  upwards  of  4,100  members.  He  also  expressed  the  great 
obligations  felt  to  the  Institution  by  the  Arbitrators  under  the 
Metropolis  Water  Act,  11*02,  for  the  hospitality  which  they  had 
received  in  the  House  of  the  Institution. 
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The  President  briefly  responded  to  tlio  toast,  and  expressed  Lis 
appreciation  of  tlie  possibilities  which,  as  indicated  by  Sir  Edward 
Fry,  modern  discoveries  promised  to  open  n^)  to  tlic  mechanical 
engineer. 
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COMPOUND  LOCOMOTIVES  IX   FUANX'K. 


By  M.  EDOIARD  SAlVAr.E.  Mftnb^, 

CUIKK    (."'UX>I  I.ri\>.    KXIJINKEII,    Wl.STKUS    lUlLWAY    UK    KUASCK. 


A  Paper  on  "  Recent  Locomotive  Practice  in  Franco,"  •  rcaJ 
before  the  Iu8titutiou  four  years  ago  by  the  author  of  the  present 
I'aj»er,  had  the  honour  of  an  claborato  discussion.  At  the  conclusion 
the  author  was  informed  that  further  detaibi  on  the  subject 
would  be  acceptable,  and  this  is  an  excuse  for  the  present  new 
communication  on  the  same  subject. 

For  a  complete  appreciation  of  a  class  of  locomotives,  as  of  any 
machine  used  for  industrial  purposes,  it  is  necessary  to  know  first 
of  what  service  it  is  capable,  that  is  to  say,  what  weight  of  train 
the  locomotive  is  able  to  haul  with  a  given  speed  on  a  given  line ; 
secondly,  the  expenses,  by  whieh  this  service  is  bought,  must  bo 
considered.  As  pointed  out  by  Mr.  John  A.  F.  Aspinall,f  economy 
in  locomotive  working  dues  not  mean  only  economy  on  the  coal  bill, 
but  on  the  total  expenses  of  locomotive  service  ;  and  this  question 
cannot  be  considered  as  definitely  settled  until  the  superiority  of  u 
certain  class  of  engines,  say  of  compound  locomotives,  is  demonstrated 
by  unimpeachable  figures.  As  regards  marine  engines,  very  few 
people  indeed,  if  any,  doubt  that  the  multiple  expansion  engine  must 
be  preferred  to  the  simple  one  ;  but  opinions  are  far  from  uniform 
when  locomotives  are  considered. 

Really  scientific  data  on  the  working  of  locomotives  are  very 
scarce.  It  seems  that  the  best  plan  for  collecting  such  data  is  to  test 
the  locomotive  in  a  s{>ecially  equipped  laboratory,  as  at  the  Purduu 
University  in   the   United  States  of  America,  and   in   the  Swindon 

•  Prooeodinga  June,  1900,  page  oTJ.  t  •''"J  IIWJ^  page  ^Os. 

2   A 
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Works  of  tho  Great  Western  Eailway.  In  such  tests,  coal  and 
water  consumption,  indicated  and  effective  power,  can  be  measured 
under  perfectly  defined  conditions,  wliicL  may  bo  altered  one  by 
one  in  experiments  of  sufficient  duration.  It  is  to  be  regretted 
that  such  tests  have  been  so  seldom  made;  it  must  however 
be  observed  that,  although  they  would  furnish  very  useful  data  for 
practice,  still  they  could  not  give  in  every  case  the  best  practical 
solution,  for  which  the  numerous  ever-changing  conditions  of  scrvioo 
must  be  taken  into  account. 

As  regards  compound  locomotives  in  France,  all  available  data 
are  results  of  experimental  runs  on  one  hand,  and  of  a  prolonged 
service  on  the  other. 

The  interest  of  French  locomotive  practice  exists  in  tho 
development  of  the  four-cylinder  compound,  which  permits  a 
marked  increase  in  the  weight  and  speed  of  the  trains.  The  main 
French  railways  continue  to  build  or  to  order  locomotives  of  this  class. 
Whilst  Table  1  in  the  Proceedings  1900  (pages  398  and  399), 
mentioned  803  such  locomotives  in  use  or  on  order  on  the  1st  January 
1900,  for  ordinary  gauge  railways  alone,  this  number  had  been 
increased  to  1577  by  the  1st  October  1903  (narrow-gauge  locomotives 
excluded).  To  these  must  be  added  (always  considering  exclusively 
the  stock  for  ordinary  gauge)  a  few  two-cylinder  and  three-cylinder 
compounds. 

Tcble  1  (pages  329-331)  gives  the  statistics  of  the  four-cylinder 
compounds  on  the  1st  October  1903. 

The  majority  of  these  engines  belong  to  two  classes,  which  may 
be  considered  as  standards  in  France,  the  express  locomotive,  with 
four  large  coupled-wheels,  of  2  metres  (6  feet  6f  inches)  diameter 
or  a  little  more,  and  the  six-coupled  locomotive,  with  diameters  of 
1-600  m.  to  1-750  m.  (5  feet  2||  inches  to  5  feet  8  J  inches),*  both 


*  The  abbreviations  for  the  metric  units  have  been  given  at  length  in  the 
Proceedings  (1900,  page  393).  In  this  Paper  the  following  will  be  used  • — 
in  for  njctre,  mm  for  milliojetre,  m^  for  square  mbtre,  cm-  for  square  centimetre, 
fj  for  gramme,  hg  for  kilogmmme,  t  for  tonne  (1000  kg),  I  for  litre.  Weights  arc 
given  in  metric  tons  of  1000  kg;  tho  English  ton  is  equal  to  about  lOlG  kg, 
exactly  to  101 0-048  kg.  by  Act  of  Parliament  of  1804. 
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TABLE  1  (rvnttHUrtl  oh  nejti  pfi'jti). 

Font  ctfUmler  Comptiund  lAtcttmotirrs,  in  tue  or  oh  unUr  on  \st  Octub*  r  VJO\, 
(Ordinary  Fronob  f^augf.) 

L«MM»IOTIVKll   WITH   Two   DMIVIMO    AXLK*. 


UeutAfkjt. 


Nortl 
(N'orlhfrn) 


Ouekt 

(WVpUTU) 


Kut 
(SUU-) 

I'oiiii-UrleaDS 


Tul 

•J«kil-'Jb7."i 

501  :Mt_» 

541)  5»;-.' 

•-'7ui-:;7iH. 
•J801-2SUJ 

1-J."l 

30Ul-30Ufi 


/  170I-17H 

Midi  J  1751-1774 

(Souihcrn)      j  1775-17S4 

I  190l-ll»lU 


1'.  L  M.     I  ^  ., 

(Pari*,  Lyon*. I  ^  n_jo 

Mc-ditermneani  ^.  ,*:,_,5„ 

\  C  15:   lw» 


17 

•JO 

S.i 
o 

18 

15  ,  Qii 


2 
40 
20 

C2 

6 

4 

10 

8  !  :i3  I 


H 

•.'4 
10 
10     5s 


l.HN,'» 

l>90and  1K»J 

IMH 
1  x<»5  and  1  K>1 

I  MIS 

liMU 

iyo;j 

I8u:t 

1897  and  I81i:t 
I'JOO 

]>:>:, 

1  s;n» 

1898  and  ISIfJ 
1!K»2 

1892  and  l^irj 


Dririog  ax1««  r>ul 
couptcid :  rudtnl 
ttxlo  m  frouL 


244U-*>4:ri 
»W1-2<R»2 


1 

!-.':; 

40 

1-.' •. 

•K) 

I-.'- 

30 

i<;5 

1  '.HIO 

32 

i>y'» 

2 

34 

1901 

Tvpe  "Atlaulo." 
Ik. 
Do. 


Ameri<-aa  Iocoiu<v 
tiv)  8,   Vauclmn 


ijpe  -  Atlantic' 


r?pe  **  Aliao'.i 


If-- 


Type  "  A I  Until-  " 


Tutal  N'u.  of  LuronMitivosi 
Wttli  2  dririU({  uxli-a      j 


i:.^ 


330 


COMPOUND   LOOOMOTIVliS    IN    FUANOE, 


.M.u:i  li   l!i(M. 


TABLE  1  (continiu'il  on  oitposite  j)ag<'). 

Four-iijlimicr  Compound  Locomotives,  in  use  or  on  order  on  Isl  October  I'JOil, 
(Ordinary  Frencli  gauge.) 
Locomotives  -with  Three  cniYiNG  axles. 


l-'v. 


Kailwiiv. 


10 


Nonl  I 

(Northern)  \ 

Oiust  I 

(Western)  "i 

Ktftt  ( 

(SUitc)  \ 


Paris-Orle'uus 


Midi  J 

(Southern)    "j 

I 

P.  L.  M.       ( 

(Paris,  Lyons,  j 

and  I 

Mediterranean)' 

Est  / 

(Eusterii) 


Ceiiituro 


No8.  of  the 
Series. 


1701-172.-. 
4O01-40ir) 

1:101-1302 
1303-1312 

1401 
1402-1 41  f) 
1313-13.-.(l 
1416-142.1 


3261-3300 
3401-3650 

3401-34C0 
3461-3500 

3501-3520 

3.521-3.i50 
3101-3102 
3551-3580 
::5Sl-3Giu 

51-65 


iNo. 


Year 
ordered. 


Rciiiarlcs. 


3121-3170 
3171-3225 

50 
55 

105 

1807 
lUOl 

2.')01-2.125 
252(;-2."i40 
2701-2720 

25 
1.-. 
20 

60 

ISOS     1 
1000 
1900  and  1003  | 

3701-3730 

30 

30 

I'.iOO    1 

Total  No.  of  Locomolivopl 
wiih  3  driving  axlea      j 


15 

40 

9 

10 

1 

14 

38 

10 

75  1 

40 


IsO'.i 

j;»02 

1 S95 
1  M»7 
1805 
1807 
1900  and  1901 
1901 


1897 


1  Locomotives  with 
four  driving-- 
axles converted. 


25:)   290      1898  to  1901 


60 

40 


20 

30 

30 

30 

212 

15 

15 

1827 


1S91S 
1900 

1900 

1900 
1901 
1901 
1903 

10(»2 
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{amtUd^d  from  f0t,f*  Srs)  TAliLi:  1. 
^Onlmary  Kroaoli  g>U{^) 

LoOOMOTlVn    WITH    KoCB    DMlVIMd    AXLK*. 


K*il««}* 


N\«  oTUm 


Hrf::Mkt. 


V    •  I 


s  .;«>         *'«'^»» 

1(00 

Pvb4>rl<.   ■                  -1)01-5013 

IS 

« 

iws 

^-  _1„l:Ij,                                   .  -      .     ._ 

i 

lu 

IS 

i;»-' 
r.*'.' 

r  I-  11                   -"M  r^^ 

(,P«n».  l.jroiM,                 < 
and                »:tll  : 

McvliUrnutc«ut                 4..  m    1'     ■ 

o 
!..<» 

,;w 

1WJ7 
iKtt? 

IK'S  sua  iftfit 

V  M"     \                                   -     J.t  » 
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bciug  fitted  with  a  bogie  iu  front.  The  six-coupled  locomotives  arc 
eciually  fit  for  goods  and  for  ordinary  passenger  trains.  A  tendency 
must  be  noticed  to  iucrease  tlic  diameter  of  tbe  six-coupled  wbeels  of 
these  engines  to  about  2  m.  (6  feet  6J  inches),  for  enabling  them  to 
Mork  express  trains  :  for  instance,  this  has  recently  been  done  on  the 
Eastern,  Paris-Orleans,  and  Western  liailways.  On  the  other  hand, 
the  "  Atlantic  "  type  is  resorted  to  for  increasing  the  power  of  express 
locomotives,  the  boiler  and  i)articularly  the  fire-box  being  enlarged. 

In  some  cases,  specially  for  working  goods  trains  on  heavy 
gradients,  eight-coui^lcd  locomotives  are  used,  with  no  other  wheels 
on  the  P.L.M.  system,  and  with  a  pony  truck  in  front  on  the  now 
engines  of  the  Southern,  Eastern,  and  Paris-Orleans  Eailways. 

In  addition  to  these  four-cylinder  locomotives,  the  Southern 
Eailway  has  rebuilt  some  engines  as  two-cylinder  comj)ounds,  with 
six-coupled  wheels  and  a  pony  truck  in  front.  The  same  company 
is  now  rebuilding  old  express  locomotives  as  two-cylinder  compoi-nds. 

Mention  must  be  made  also  of  a  four-cylinder  tandem  compound 
tank-engine  (described  below),  built  by  the  Northern  Kailway  for 
Avorking  trains  on  the  Ceinture  line  of  Paris. 

The  principal  dimensions  of  many  of  the  four-cylinder  compounds 
have  been  given  already  in  Table  2  (Proceedings  1900,  pages 
400-407)  ;  the  dimensions  of  new  types  and  of  older  types  when 
alterations  took  place  will  be  found  in  the  following  descriptions. 

I.  Four-Ci/linder  Conqwund  Locomotives  'with  two-coiijjled  Axle?.. 

The  Northern  Railway  has  added  to  its  stock  33  "  Atlantic " 
locomotives  (Nos.  2643-2675),  similar  to  the  two  ordered  in  1898 
(Nos.  2641-2642),  of  which  one  was  conspicuous  in  the  Paris 
Exliibition  of  1900,  Fig.  1,  Plate  50;  slight  alterations  have  been 
made  to  the  jn'evious  type :  the  distance  of  the  bogie  wheels  has  been 
increased  from  I'BOO  m.  to  2  000  m.  (5  feet  loi  inches  to  6  feet 
6 J  inches;,  to  obtain  a  greater  stability ;  the  length  of  tubes,  which 
was  4*200  m.  (13  feet  9'^  inches)  between  jilates,  is  4*300  m.  (14  feet 
i-j^^  inches)  in  the  new  engines.  The  fittings  of  the  cab  have  been 
altered,  the  driver  being  transferred  to  the  left  side.    It  being  desirable 
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U>  pitwcrvo  the  umo  dUUuco  Iwtwi^u  th<«  extrttav  uhi-ilit  of  tho 
lociiiuotiTo  with  it«  touder,  in  onUr  to  uhc  the  oxiHliug  17  lu  (35  feet 
,  iuchts)  turu-t«lilcH,  the  oKI  pUii  uf  hu{>i><irtiii){  thu  tciiilcr  un  threo 
Hxlut  iu(>U«d  uf  two  IxigtcH  hut  boon  reverUxl  tu ;  at  the  Mine  tiiuu 
thin  pliiu  guvu  niorr  ixmiui  for  a  wntcr  hihh)]). 

The  Southern  Kaihvay  haH  rtc>eutly  onloroil  ten  (  Nun.  1UU1-191UJ, 
and  tho  l-IaBUm  lUilway  tvro  (Non.  2C01-2602)  *'AtUutio" 
lucimiutivcB  (Fig.  K,  IMatu  5*i)  Kimilar  to  those  on  the  Not  thorn 
]Uil\vay. 

T\w  mw  "  Atlantic"  (No».  oOJl-3008),  recently  built  fcr  the 
Paris-OrK-aus  Kail  way  by  the  Socitto  Alaacienno  du  CunstruotioDH 
M<'cuiii<jue8,  Fi}^.  5.  riutc  51,  ih  t>f  hjxK-iul  interest  an  l>finy  the  most 
j»owerful  expro*  locouiotivo  as  yet  niotic  for  the  French  lineH.  The 
principal  dimeusiuuB  are  as  follows  on  Tuhio  2  : — 


TABLi:   2. 

Prinetpnl  dimengitms  of  "  Atlantic  "  luconutiltt*  of  th 
Parif-Orl'-omt  Unilicay. 


Itoiler : 

Internal  diaiuetor 

Height  ofaxu  above  mil 

Working  prMsuru 
TuU-B : 

Ivvugth  betwi-on  plutt-- 

Evteriul  tliaiueter 

\  umlx-r  (ribbed  tulx.'s ) 
t  ir.itr  urt-a    . 
II.  uuii^  Burfmv    . 
C)linvK-r»  : 

HI*.  diiuuctiT   . 

Strokf       . 
CvliniWn) : 

L.l*.  diaiuvli-r    . 

Stroke      . 
l>riving  whecU,  dinm<  I   i 
\V.  i^-lit : 

'i'ttUl  in  working  ord<  r 


I '51:;  m  (4  ft.  n^  iiu.) 

-i-700m(8ft.  lo^iuH.) 

If.  kfj  per  cm'  (::8  lbs.  |ttr  wj   m  1 

4  400  m(i4  ft.  5, 'a  in*.) 

7U  lum  (  :?  \u^.) 

or, 

:!-l  m^u..;  !-l   II.) 

2;W4  m=(J577  »q-  fl) 

300  mai(i4/«  in*-) 
•>40  mm  (:5|  iuk) 

•  (N)  mm  (iii  ins.) 
1,40  mm  (.isi  iu«.) 
•-'•itlOm(6  ft.  «,.\.  iofi  ) 

TjyuO.k;.'  171  *:>  ton») 
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The  adhesive  weight  is  36  f  (18  <  per  axle),  aud  it  is  expected 
that  this  weight  will  be  increased  to  40  t.  Such  a  change  is  easy  in 
locomotives  of  this  type. 

The  "  Atlantic "  locomotives  have  been  found  far  superior 
to  the  older  express  compounds.  On  the  Northern  Railway,  during 
the  Exhibition  of  1900,  the  "  Nord-express  "  trains  were  worked  either 
by  the  old  compounds  (Nos.  2158-2180),  or  by  the  new  "  Atlantic  " 
2641,  between  Paris  and  Jeumont.  The  distances  and  schedule  of 
the  traius  are  as  follows  on  Table  3  :  * 


TABLE   3. 

Schedule  of  "  Nord-Express  "  train. 


j 

Time. 

Distances. 

Average  Speeds. 

1 

1 

Paris     . 

dep. 

p.m. 
1.50 

Kilometres. 

Miles. 



Kilometres  per  hour. 
Miles  2'>er  hour. 

Creil     . 

pass 

2.24 

50-3  \ 

83-7  X 

31-26 

52-00 

Compiegne     . 

pass 

2.44 

33-3 

20-69 

153-1 

95-14 

100-0 
62-13 

90-0 
55-92 

Tergnier 

pass 

3.15 

47-3 
29-39 

01-5    1 

56-85 

St.  Queutin  | 

arr. 
dep. 

3.32 
3.36 

22-2 
13-79 

78-5 
4B-77/ 

Jeumont 

arr. 

4.34 

84-8 

87-0 

52-69 

54-05 

The  regular  composition  of  the  trains  was  seven  bogie  carriages 
and  two  vans,  weighing  altogether  270  t.  (265 '73  tons).  With  the 
locomotives  Nos.  2158  to  2180,  that  weight  was  never  exceeded,  and. 


*  A  new  schedule  has  been  made  with  a  saving  of  three  minutes  between 
Paris  and  St.  Quentin,  and  one  minute  between  St.  Queutin  and  Jeumont. 
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if  iioooKHarj,  a  nocouil  train  won  run.  On  iho  coutrary,  thoro  wm  no 
limit  with  tlu'  "Atlantic"  l(»c«tmotivo  ii«>41,  timl  tlio  run  wan  always 
niiulu  in  KvtH  thun  tliu  UkiWihI  time. 

Table  4  (pagou  336-387)  givtH  deUi In  of  uoiuo  ruu«  between  Taria 
luul  St.  Qui'utin. 

Fig.  13,  rittte  Tj/i,  gives  the  jirofilu  of  the  line  from  Pari*  to 
(Miarlcroi. 

The  following  reniarkj*  may  bo  made :  the  acceleration  wan 
rapid  although  tho  train  wan  heavy  •  ;  as  a  rule  tho  train  paKiieil  St. 
Denis,  at  a  distance  of  G  km  !5'7  miles),  regularly  G  minut«H 
aftvr  starting.  The  time  from  St.  Denis  to  Survilliers,  23-5 
km.  (14  "6  miles),  mostly  on  a  rising  gradient  of  1  in  'JOO, 
varied  from  H  minutes  30  seconds  (average  speetl  \)7  km 
an  hour  (Co' 2  miles  per  hour*)  to  16  minutes  50  seconds  (84 
km  an  hour  (52*  1  miles  per  hour)).  The  speed  was  [)0  km 
(55-8  miles)  with  tho  heaviest  train.  Down  grades  the  speed 
was  generally  120  km  an  hour  (74*5  miles  per  htur),  and  might 
have  been  exceeded  without  difficulty. 

The  level  part  from  Creil  to  Tergnier,  80 -G  km  (50  miles), 
took  as  an  average  48 '5  minutes  :  mean  speed,  100  km  an  hour  (C^  •  i 
miles  per  hour),  which  might  easily  have  been  exceeded.  Tho  actual 
-lK.-<xl  on  that  section  varied  from  105  to  110  km  (-5'-  miles  to 
■5-  3  miles),  to  make  up  fur  the  time  lost  in  slowing  up  at  Creil,  at 
Tompit-gue  (slightly),  and  at  Tergnier  ^slightly,  8i>ced  80  km  (4>'7 
miles)  ). 

The  Northern  Railway  officers  are  of  opinion  that  a  train 
weighing  300  /  (2^3*2  tons)  may  be  taken  from  Paris  to  St. 
Quentiu  in  1  hour  32  minutes,  at  an  average  speed  of  100  km.  an 
hour  (62  *  I  miles  an  hoar). 

With  a  train  weighing  200  /  ('>'■"  tons),  an  arerago  speed 
01  105  km.  an  hour  (^^3*2  miles  an  hour)  has  been  maintained 
between  Paris  and  Amiens,  namely,  100  km  C6a*i  miles)  from 
Paris  to  Creil,  and  109*5  km.  (68  miles)  from  Creil  to  Amiens.     It 


*  Procetxlioga,  Juno  11*00,  pago  425,  Mr.  J.  D.  Twinbvrrow:  **  Le  *l^marrage 
loit  etre  rapide." 
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TABLE  4  (^continued  on  opposite  imge). 

Details  on  some  runs  from  Paris  to  St.  Qiientin  of  the  "  Nord  Ex^rrcss  " 
Train,  hauled  hi/  Compound  ^^  Atlantic"  Locomotive  No.  2641. 


Distances. 

From 
Paris. 

Between 
stations. 

Km.      Km. 
Miles.  I  Mile?:. 

Stations. 


—     '  Paris 

c-i  1 

3*7 


dep. 


•26  June,       ■  13  July,         17  July.        29  Aug. 
li»0O.  I      1900.  1900.  1900. 


Weights 


Tonnes  335 
Tons      329*7 


h.  m.    s. 
1  50     0 


300 

295-2 


290 

285-4 


St.  Denis      ^lass  1  5G  11 


6-1! 

3-7|  23-6 
'  14-6 
29-1  ■ 
i8-4i  20-G 

i   12-8  ' 
;")0-3:  Creil 

^'   ^1  33-3  I 

1  20-6  I 

I  1 

83-6  i  Compiegne  pass 

5^-"^     47-3 
29-3 


h.  m.  s. 
[1  56     0 

(6  ni. 
I    late) 

2     2     0 


li.  m.   s. 
1  50     0 


339 


h.  m.  s. 
1  50     0 


Survilliers    pass 


jiass 


2  l:!     0         2  17     0 
2  24     0 


1  55  30    I  1  56  20 

2  10     0    I  2  13     0 


£8     0    Uh)2  22     0  ji  2  24  15 
1(2  m.  before  >[ 
time)      )  i 


2  41     0       !  2  48     0 


130-9 
8i-3 


153-1 

95-2 


^2-2 
13-7 


Tergnier       passif(«)3  12     0     iks  15     Oj 


St.  Quentin    arr. 


2  43     0]    2  45  15 
(1  ni.  before  V 
time)      J 


itl   7 


3  11     0 


(3  m.  before  j^  | (booked  [  <(4  m.  before  [;^ (booked 
time) 


3  29     0 

(3  m.  before 

time) 


(3  15     0 


(3  30     0]  [      3  27     0  )|(3  31     Oj 
)    (2  m.     i:< (5  m.  before  >jl    (1  m.    ( 

before   |  (       time)      Jjj   before 
{   time)   jj  :(    time)  j 


Time  from  Paris  to  St.  Quentin  1         1  39     0       !  1  34     0  1        1  37     0    |    1  41     0 
Average  speed 


(    Km.    92-7  97-7 

\    Mileg  57-6  60-7 


94-7 

58-8 


91-0 
56-5 
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IhtdlU  on  Some  runs  /rum  Parlii  to  St.  Qtuntin  of  the  *'  Nurd  Ksjutna' 
Tiaiiif  /»(!«/<•</  by  Compound  "Atlantic"  Locomotive  No.  2G41. 


15  Sept.        23  St.|»i. 

li)INt.      .  lUlMl. 


•_'7  S«.j>t.      ,     8(3ct.  l:tOit. 

I'.MKI.  ,        I'.MMI.        I  r.Mllt. 


OK  Tkains. 


311  li2o 


32.".  311 

3iy8        I     3c6-o 


h.  m.  8.        h.  III.   6. 

1  jii    (I       I  :>ii    (I 


1  56  3(»         1  56     n 

2  13     0        -J  11     n 


I1.  m.   8.      L.  ui.  K. 
1  5U    (I    '11  y."!    0 
(5  111. 
lute) 

1  rt>;    (»     J.    1    (I 


110      2  17    n 


2  -'4     u    (    U  23     H    1  |(c)2  23     (i  "I    2  2S 
(1  ni.  before  Jl      2  2.".     n  / 
(      tiuit)      ) 


2  44  0  I  2  43  0  1 
|(1  m.  before/ 
(      time)      J 


2  48     <i      2  48     U 


IteniurkB. 


3Go 

>5r- 


h.   in.    8. 
1   51  3t» 


1  .-.:  45 


(«)  Slowiu;;  up 
by  ei^uul  at 
TeriTiiii-r. 


2  l:'.  30  (fc)  Slowing  u\> 
by  BJ^ial  ut 
<  rtril. 

2  24     (• 


44  45       («•)  .<top   by  big- 

Uitl. 


3  13     Oj  (    3  13     0 
(2  m.    I  ^(2  111.  before 
time) 


3  14  30       3  14  30    |(d)3  11  3iij  (.0  Pas«ie<l     jxist 

I     v.-  'u-    I  U.:ni.  ot-iorv/  •       (3J  m.      |  HKt  at    2    Jirf. 

j   bi-fore   I  I       time)      )  (belorc  time))  54  iii». 
[    time)  j 

,3  2;>  OW  3  28  0  j  I  3  2;t  0  I  j3  30  0,  (  3  28  30)' 
I  (3  in.  I  J(4  m.  before'/  (3  in.  before)  I  (2  m.  I  3*  m.  >' 
j  before  |(  time)  j|  time)  j  j  before  |  (before time)), 
'    time)  j  [   time)  j 


1  ::'.)     0        1  38    U 


1  3y    0    ,  1  35     0 


'.•2  •  7 
57-6 


93-7 

5«-2 


92-7 
57-6 


tXi-7 
Co"o 


1  :i7    o 
'.»4-7 
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is  worthy  of  remark  that  the  speed  on  tlie  rising  gradients  (1  in  200) 
was  equal  to  the  average. 

With  trains  of  300  to  350  t  (295*6  to  344*4  tons),  the  coal 
consumed  was  12-5  kg  per  km  (44*36  lbs.  per  mile),  of  which 
300  kg  (661  "I  lbs.  pr  6  cwt.)  was  on  the  grate  before  starting. 
The  service  of  the  new  "  Atlantics "  and  of  the  sister  engine 
No.  2G42  is  equally  good. 

For  instance,  from  Calais  to  Paris  the  trains  wait  for  the  arrival 
of  the  Dover  boat.  In  case  of  delay  of  the  boat  the  time  lost  has 
been  frequently  made  up  by  the  train.  As  much  as  21  minutes  have 
been  saved,  as  follows  on  Tabic  5  : — 


TABLE   0. 

Train  No.  12  his,  ^ih  March  1902  ;  Locomotive  No.  2G42  ; 
Weight,  245  t  (241  tons.) 


Distances 
fniin 
Puris. 

Stations. 

1 

Booked  times. 

■ 
Actual  times. 

Miles. 
297-2 
184-6 

*Calaia-Marit;inc 

.     ilcp, 

V  >r. 
l.J.') 

r.jr. 
1.40 

17") -4 

io8'9 

Abbeville 

!  jirr, 
(uip. 

•2 .  r.9 
■I.M 

2.59 
H.04 

130  Mi 

8r-i 

Amiens    . 
(slowing  up) 

.     pass. 

3.U 

3.31 

50-3 

Creil 

.     pass. 

4.09 

4.18 

31-2 

Paris 

.     iirr. 

■i .  t.') 

4.49 

Averag 

e  running  speed  . 

SG-9km. 

53*9  miles. 

90-9  km. 
60- 2  miles. 

*  25  minutes  late,  waiting  for  boat. 
Fig.  14,  Plate  56,  gives  the  profile  of  the  Paris-Calais  line. 


Muuu   l^H.  OOMPOnm    Li»00MoTIVK8    IN    PhAKi  »^.  38*J 

A  ii)>tvuil  tmiii  (fiiiiii  </(-  tujt  I  in  run  uu  Tuuiktlayh,  WudltOMdAjtf, 
Kruiayii,  iiud  tSuudavH  aa  fuUuwii,  with  a  booked  AVtirmgo  upeed 
of  93-3  ktu  an  hour  (j;*;^  miloa  per  h  »ur  t,  after  the  fuUuwiog 
(M'hcylulc  :  — 

TABLE   G. 


Di»Uuoc«  frutu 
I'lirU.          j 

MationSi 

Tiaw. 

Km. 

.Ul7r«. 

Parb-Nonl 

.      .1-,.. 

A.M. 

ll.i'J 

JI-J 

Crt-il 

|klM 

l-.M. 

12. -.'l 

:8-j 

I  LoDfoieuti 

|mi>» 

l.ui: 

J30i: 

Hli 

AiuieoB      ... 

•IT. 

i.lii 
l.H 

•i.V>-2 

156-7 

Outre«u  Juuctioii 

|MM 

2.1)1 

253  9            * 

«i7": 

La  Liane  Junction    . 

pa6!> 

2.32 

2y7-2 

18  +  -6 

C«lais-M&ritime 

;irr. 

3.01 

lu  suiue  cases,  where  that  train  de  luxe  has  to  wait  for  some 
>thcr  traiufi,  this  average  6]v?e(l  ii>  iucreased  to  1)6*1  km  an  hotir 
Yj''  miles  an  hour)  ui>  follows  ou  Table  7  : — 
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TABLE   7. 

Schedule  of  Trtthi  G7  his  {Luxe  oj)//onrt7),  Siindni/s,  l^icsilaiia, 
1  i  edncsdayt^,  Frldai/ti. 


Distniu-es  from 


Siulioiis. 


Km. 

Miltx. 

— 

I'iiris-Xoid 

M-?t 

Creil 

31-: 

91  i) 

Breteuil  branch 

5«-g 

l:;o-o 

Amicus      . 

^.IT 

•»_-,•)  •  ■_> 

Outreaii  Junctiuii 

156-7 

;         25:5-0 

La  Liane  Junction 

^57-7 

292-.", 

Foiitinettes 

181-7 

(slowing  up) 

LOT -2 

Calais -Maritime. 

1           184-6 

liass 


Time, 


r.M. 

dcp. 

]2.:!0 

l)ass 

1.01 

pats 

1.27 

fnrr. 

].»9 

(dcp. 

1.;-):; 

puss 

:>.()(; 

pass 

:!.07 

.4 'J 


Average  speed,  from  end  to  end  Oi-1  km  an  hour  (58-4  miles  an  hour). 
Average  running  speed,  96-1  km  (59-7  miles). 


How  these  schedules  are  observed  iu  practice  may  be  inferred 
from  the  following  remarkable  instances  reported  on  Table  8.  In  the 
first  case  six  minutes  were  gained  from  Paris  to  Amiens,  and  the 
regular  time  kept  from  Amiens  to  Calais  with  two  unexpected  stops  ; 
lOG  km  (65*8  miles)  exactly  have  been  covered  during  the  first 
hour  of  the  run.  The  second  case  (train  No.  GTbis),  taking  into 
account  the  several  stopimges  after  the  ordinary  mode  of  calculation, 
bliows  a  gain  of  8  niiuTites.  The  actual  running  speed  was  100  km 
an  liour  (Cz'i  miles  an  hour;  from  Paris  to  Calais,  297-2  km  in 
178  minutes  (184*6  miles  in  2  hours  158  minutes). 
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TABLK   ft. 

/.-/  ../•  r..iiM  \o.  C7.  lith  Martk  VJO'2;  Li^anwlirr  Xo.  2Gir; 
MViy/i/,  180  I  (1-7- 1  /oim). 

II.      lU.      ^ 

rnri»t.!.i.  )  1 1  i'J     H    ,^3  luiU'   lute,  ou  inirpf*f.) 

St  Dealt  .  .  11  57  •-»« 

^^iirrillicrt  12  10    <• 

•    •  I  .  11  'Jl     0 

IJ  42  2i» 

K:u    I-     ,     .     .    U,::.>  I'i   49      0 

Km    1(m;  i^'  ,  •'•  iuil.»>  li;  52     •» 

lU»ve« 1     u     II 

Sluwiug  up  at  Ix^u^ueau  for  n-juira  of  (hi*  periuauent  way. 

larr.     .         .  .        1     7     0    (3  uiiiu.  beforr  time.) 

Aruifus  \ 

^ui-|i.    .  .  .  .        1   17     0    (3  miuit.  late,  on  pur|><»»e.) 

"»lo«iiij»  up  Bt  rionii  ;i>y  (.iBt.iiit  iii(;n*l  ut  <lttugt-r). 

\bUville  .  I  45     0 

'-      .  .       2  11  »• 

..it   !  .  .  .        •_'  20     H 

•iiircau 2  27     0 

^top  1  (iiiD.  at  Wimille  («iDgle  (rack),  and  slowin;;  ii]>. 

Mop  1  miu.  at  Caffiers,  by  signal ;  dep.  2 .  52. 

Sluwiug  up  by  Hiatal  at  (.'aloi&-Maritiiue. 

Calaic-Muritime  (urr. )         .  .370    (3  Uiioa.  late) 

Train  G7&I*,  11/A  March  1902  ;  Locomotive  Xo.  2C44  ; 
Weujhl,  140/(157-7  tons). 

h.  to. 

ParUyoidCdcix.)     .  .        .  12  3u 

CreiUpMt)     .         .  II 

/(arr.)  I  4'J 

l(dep)  .        I   ^i 

Slop  at  bi glial  No.  *J3 

Uutn.«u  Juiictiou  (!««»)  .  .  .  .  .       3     *'• 

Siugle  tnick  for  repaira  from  20o  to  204  km  ci6i  to 

16}  milrt). 
St^p  at  signal  No.  152. 
Stop  at  aigual  Nu.  15^t. 
lalaic-Maritime  (arr)  .       3  13 


D42 


OOMPOtJND   LOCOMOTIVES   IN   F«ANOE,  M-uu  U  lI'Ol, 


TABLE  9  (continued  on  opposite  page). 

Train  Paris  to  Ar)'as,  15th  May  1902.     Locomotive  No.  2645. 
Weight  of  train  behind  tender  178  <  (175  tons). 


Distances. 

Stations. 

Times  of 
Passage. 

Time 
between 
Stations 

Speeds. 

Km  per 

hour. 

Eemarks. 

1 

From 

Between 

Miles  per 

Paris. 

Stations. 

i 

hoiu: 

Km. 

Km. 

Miles. 

3Iiles. 

li.  m.  s. 

ni.  s. 

1 

f] 

Paris        ilep. 

8  I.')     U 

5     0 

73-2 

45-4 

G-1 

— 

St.  Denis 

8  20     0 

— 

— 

,      3*7 

8-7 
5-4 

4  20 

120-0 

74-5 

14-8 

__ 

Gonesse 

8  24  20 

— 

— 

9-1 

14-9 

9-2 

S     0 

111-7 

69-4 

29-7 



Sur\dlliers     . 

8  32  20 

— 

— 

18-4 

20-6 

12-8 

11  20 

109-0 
67-7 

50-3 

— 

Creil  .     .     . 

8  43  40 

— 

— 

Slo^ving  up.  ' 

31-2 

14-8 
9-1 

8  20 

106-5 
66-1 

1 

65-1 

— 

Clermont 

8  52     0 

— 

— ' 

40-4 

]4-4 
8-9 

1 

7  40 

112-7 
70*0 

79-5 



St.  Just   .     . 

S  50  40 

— 

j 

49*3 

7-8 
4-8 

4     0 

117-0 

V--1 

87-3 

— 

Gannes    .     . 

9     3  40 

— 

— 

54-2 

\l\i;(ii  I!m>I.  r(i!ul-<il-\|>    I  (>«'riU(iTt\  l>    in    iiiAvrr.  IttS 


{runlinued  un  nrxt  ytt'jf)  TABLE  9. 

TrniH  ParU  to  Arras,  15/A  May  VJ02.     Locomotice  So.  2645. 
Wciijht  of  train  bthind  tender  178  <  (175  toiu). 


DisUncm.  K 

Timwof    ,*'"''       K 


I'artB.  Statiuiu.'  kour. 


Kiu.  ,     Km. 

MiUt.       ililrg.  II.    III.   «.  III.   «. 

Ciatinc*    .      .        !•     H  40 


UK)  0 

•iJK 

Kiluiui-tie  liNi 

f   I  1      <• 

I".    •-"• 

loTI 

G:- J 

H  7 

(6:1  inilea) 

..C-j 

nil 

_ 

-\illy-«-N'oyy 

:•  17 



C«j"0 

li.  ;• 

. .    .1 1 ' 

IIJI 
..V  0 

l. _.._..,, 

— 

^.•\.^          .         . 

'.'  1'-'  .'><• 

— 

— 

' 

4n 

:;  I'll 

72  11 

J"4 

■4-»7 

l»:-o 

— 

I-<«u}:»i-au 

'.»  2:  10 

— 

7*- 5 

1     48  0 

21  5it 

H*.  0 

1     29« 

7:-o 

1740' 

.\olii»  t       .       . 

■.'  :.i    0 

— 

— 

lOti'J 

18  1 

IC     (I 

07-8 

II-: 

4:1 

1J»21 

— 

Ainu         nrr. 

10    7    0 

— 

— 

n*,i 

BCMAUKS. 

—  Slowiiij:  up. 


Nu  very  high  apeed  when  running  down  grado  u  the  train  waa  in  adTance  of 

tLi-  UK>ki«l  time.  Ip  ^ruditrntit  the  udiiiiwiun  wu8  iVo  and  05  per  iDO  (iu  hi^h- 
preekurt:  and  luw-pn-Mur«  cylindciit),  tiie  rt'^'ultttor  full  i>iifO.  t!«t«a'u  alwaxa 
t-ajuly  supplied  by  thu  holier.     Nu  heating  in  any  jtart  of  tnei-haniain. 

^Vatt•r  coiuiumed,  ft.'  litre*  fi-r  km.  ( ji}  ^'nllunii  i>er  mile). 

Miaiher,  r»iny. 


•J    B 
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COMPOUND    LOCOMOTIVES    IN    FUANCK. 


M.viicii    IDOL 


TAl'-LK  1)  (roncliuJrd  from  paijc  ?,i-2). 

Titiln  Arms  to  Paris,  IGlh  Maij  1902.     Locomotive  No.  2G15. 
Weight  of  train  behind  lender  178  <  (175  tons). 


Distances. 

Speeds. 

Stations. 

Times  of 
PiiS8a"'e. 

Time 
between 

Km.  per 

hour. 

Ecnmrks. 

From 

Between 

Stations. 

Milex  iicr 

Paris. 

Stations. 

hour. 

Kra. 

Km. 

Miles. 

Miles. 

h.  ni.  s. 

m.  8. 

192-1 

— 

Arras     !  dep. 

1-2  30     0 

— 

— 

119-3 

18-1 

12     0 

00-5 

11-2 

56-2 

174-0 

— 

Acliict     .     . 

12  42     0 



I08-I 

18-7 
11-6 

10    0 

112-2 

69-7 

155-3 

— 

Albert     .     . 

12  52     0 

— 

96-5 

2:f3 

l«-2 

17  30 

110-4 
f.2-3 

i2r,-o 

— 

Longuoau 

1     n  :iO 

— 

Slowing  up. 

7«-2 

38-7 
24-0 

20    0 

llO-l 

72- 1 

'    87-3 

— 

Giinnes    . 

1  29  30 

—  ■ 

' — 

54-2 

37-0 

2:5   0 

'.»(;  •  5 

i 

22-0 

5')y 

50-3 

— 

Crcil  .      .      . 

1  52  30         — 

Slowing  iij). 

j '    - 

20-(; 

l2-« 

12  30 

its -8 
f,i-3 

2:1-7 

— 

Survillitrs    . 

2     5     0         — 

i«-4 

2:!-(; 

'    11     0 

101-1 

J  4  -  () 

1 

C:-8 

i;i 

— 

St.  Deiiis 

2  10     0 

— 

1         — 

i'  7 

01 

i'7 

7    0 

52-2 

32-4 

~ 

1 

1 

Paris         arr. 

2  2G    0 

"~" 

~ 

IIemarks. 

llainy  weatiior  with  Bouth-weBterly  wind  against  tlie  train. 
"Water  consumed,  7:>  litres  per  km.  (25 '  8  gallons  per  mile). 


^  -  t.  ooMrooMO  LoooMOTivn  IN  mAMOB.  S46 

On  Uie  I'aru-Lille  liuo,  train  No.  317,  whioli  u«<m1  to  laaTd 
r^rin  at  8  |i.ni.  AUtl  arrivMl  nt  Lillo  ml  11-7,  2<M  km  (iST/ 
)  '  !> )  in  3  houn  and  7  miiuiU«,  iucluJiut;  t«ru  alupn  at  Arraa 
and  iXinai,  ha«  born  aiHvlcrmtcMl.  The  juumcy  ia  made  iu  2  liuora 
4!i  niiuute*,  ur  with  a  saving  of  2'i  miuutcM.  uf  which  IK  minutMi 
:>  oil  tho  ruuuiiig  time;  the  weight  uf  tho  train  rvmainod  the 
.tint.  '2lo  to  235/  (^aii'C  Ui  ap  touH  i.  Average  running  itixMid, 
'.'4*7  km  an  huur  ($8*8  mile*  an  huuri.  Fig.  15,  I'late  57,  givca 
the  ]irufilu  of  the  line. 

On  Table  *J  will  be  found  the  log  of  two  iipecial  traina  which 
wiTv  run  from  Pari*  to  Arras  and  from  Arraa  to  Taria  on  the  15th 
itud  IGth  May,  1902.  Thu  average  running  speod  was  103  km  an 
liotir  I  ^4  miles  an  hour);  one  jKiiut  worthy  of  remark  in  that  the 
^iK<.vl  waa  higher  on  rising  gnulient«i  «>f  1  in  250  than  un  fulling' 
gradientii  of  1  in  250. 

Fig.  IC  I  page  34G)  and  Fig.  17  i  page  347  i  rcj»nHluce  indi-  »•. 
•liagrams    taken    on    Atlantic    locomotive  No.  2041  during  n.^:  .liir 
i>i-rvice.     It   must   be   noticed    that  horse-powers  are  calculated    in 
French  unitu  of  75  kg-meires  iu  a  second  (32.550  fL-lbs.  per  miu.). 
The  English  hon»e-power  is  slightly  different  (3  5,000 V 

These  exampltis  show  the  largo  i)ower  of  the  new  "  Atlantic  " 
compound  of  the  Northern  Itailway.  How  tho  older  four-cylinder 
eoni|>ouuds  cumjtare  with  ordiuury  express  locomotives  may  be 
tieducfd  from  the  results  of  u  prolonged  service  on  the  Western 
lines,  given  on  Table  11  ( {jages  349-350). 

The  priuciital  dimensions  of  tho  locomotives  used  ( series  500, 
4-cylinder  compounds;  aeries  900,  ordinary  locomotives)  ikrv  given 
on  Table  10  (page  348):— 
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COMrOtiND    LOCOMOTlVKS    IN    F'KANOl!. 


M Ai:(  It    llMil. 


Imc.  1G. 

Ditiiiram-'  tultn  in  Uei)uhir  Wurhiuq  <»i  Loro.  Sn.  'iill  1  Xmd.     "  AlUmtir"  h/ji 
(Sec  Fig.  1,  riutf  ")().) 


TiuiN  17'.'.     '2-1  Auk.  1^0. 
Menu  Prossiiies:  II. P,  i;>r)-4nTnl  l!)S-4 

n>s.  ]HT  sijimro  iiu'h  ;  L.l'.,:>5  and  'M 

lbs  jHT  8(iiiiirt'  iiK'li. 
Ivofriilator  Dpi-n  80  jkt  oout. 
Adinissiun  :  Full  K''"r. 
Dirt'ct  exhaust  of  IM*.  eyls.  open,  and 

direct  admission  to  L.l'.  ovls. 
Level. 
Stjirtiup. 

AVii;;ht  biliind  tender  3I0-0  tons. 
Pull  on  tiudor  coupling  3  33  tons. 


'BoUcr   Pressure 


Tl!AI\  llli.      'Jli  Au^.  I'.tOO. 
Menu  Pressures:  IT. P..  83- (J  and  71  U's. 

jier  s(iuare  incii ;  L.P,,24'3aud  l'.>"4 

U)8.  per  b(]uare  incli. 
Itef^ulalor  oi)en  4;")  per  cent. 
AdniisBiou  :  50-()5  i)cr  ecnt. 
Rising  gradient  1  in  2(10. 
47*8  miles  per  hour. 
LHP.    i^II.P.    ;-)411,    LP.   419-2)  = 

1»G0  •  3. 
AVeight  behind  tender  245 'G  tons. 
Pull  on  tender  coupling  2MI'J  tons. 

/'BoilfT  Pressure 
H.P. 


Train  179.    22  Aug.  1900. 
Mean  Pressures  :  H.P.,  78  and  GG  •  2  lbs. 

)K'rs(|uare  inch;  li.P., 21"r)  and  15' 8 

lbs.  per  square  inch. 
Regulator  open  80  per  cent. 
Admission  42-G3  per  cent. 
Level. 

GO -8  miles  jx^r  hour. 
I.n.P.    (H.P.    G42-J,    L.P.    4."r4)  = 

1097-9. 
AVeight  behind  tender  31G-9  tons. 
Pull  on  tender  coujding  1"9  tons. 


Train  112.    23  Aug.  1900. 
Mean  Pressures  :  H.P.,  69*4  and  M  lbs. 

per  square  inch  ;  L.l*., 0-2  and  7  lbs. 

per  scjuaie  inch. 
Regulator  open  80  per  cent. 
Admission  3()-G5  per  cent. 
Level   (end   of  falling  gradient    1    in 

200). 
75-7  miles  per  hour. 
I.II.P.  (H.P.G84-7,L.r.30G-G)  =  991'3. 
\Vt  ight  behind  tender  245  G  tons. 
Pull  on  tender  coupling  1  08  tons. 


Mamm  i' 


oHnocxp  uicuitoriTM  m  riiWMi. 


AH 


Pm  17 

iHttfrmm*  tmUm  im  Brfmlmr  H\^kimf  om  /.on.  .Vo  2011,  \gr«i.     "  AlUmlu"  If/m 
(K««  Pie   I,  |*Ulr  50) 


TkAni  Ko  :•     :-t  Ativ-  iikm. 


Tiuix  Na  112.    is  Au«.  fju»> 


Duller  prwiiw  til  i  lU.  |rr  »|ua««    I    Builer  piMmiB  £f7'5  11m.  prr  kiukrv 


ItrgvUlor  oi»"ii  JiO  ]«  r  «Tut 
\<latati<M  K-r  crut 

K}»^I  (a  rnilr*  |«rr  hour 

1  H  !•     (HI'.    KM  7,    LT.    CHI) 

!  M  'K 
vv     .;''<  of  tnun  2IU  S)  toiu 
Tuli  on  tender  ouui>liBg  2  'M  loun. 


UrguUtar  o|«u  80  prr  c«tii 
AdMUMun  a  and  o7  per  tvai 
FWIUbi;  irmdu-nt  1  in  20U 
Hprtxl  77  mile*  per  hour 
lUV.    (UV.    K15-4.    UV    •?.'!»:. 

1444  S 
Weight  of  tnia  245*5  tuna. 
Tull  on  tender  cuuplins  I  CI  tuua 


>»•  k 


T«A«  No.  170.    22  Aug.  190U. 

Boiler  piciMurr  227*5  lb«  per  •tiiuuv  itich. 

ItetruUtur  full  upen. 

AdttiMiuu  't4j  and  i'>o  per  cent. 

Biaiog  gradient  1  in  20u. 

Speed  54*3  Uiili-a  per  buar. 

I  H.P  (H  r  744.  L  r.  5593)  =  laOSi 

Wci:;bt  of  train  3IO*il  toaa. 

I'uU  un  tender  coupling  2*60  toiu. 


'Bmt0f  l*Kt* 
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COUrOUMD   LOCOMOTIVES   IN   FltANCB. 


Mai;(  11    \W\, 


TAliLE   10. 

Principal  dimciislous  of  Express  Locomotives,  series  500  and  900  of  (he 
Western  Bailway. 


Boiler : 
Internal  diameter . 

Height  of  axis  above  rail 

Pressure 

Tubes : 

Length  between  plates 

External  diameter 

Number 

Grate  area 

Heating  surface 

Cylinders : 
H.P.  diameter 

Stroke 

L.P.  diameter 

Stroke  . 
Driving  wheels,  diameter 
Weight  in  working  order 
Adhesive  weight 


Series  500. 
(Compound.) 


Series  900. 
(Non-Compound.) 


1-3S0  m(4ft.  6g  ins.) 

2-485m(«ft.  ilijins.) 

1 14  kg  per  cm-. 
\(i99'i  lbs.  per  sq.  in.) 

3-800m(i2ft.5^in8.) 
70  mm  (2|  ins.) 
00 
I     li-40m2(25lj?  sq.ft.) 

133-70  m2(i439^3g  sq.ft.) 

:;40  mm  (13^  ins.) 

I         040  mm  (25J  ins.) 

530  mm  (20^  ins.) 

040  mm  (25  J  ins.) 

2-010m(6ft.  7iins.) 

'  49-.")00  kg  (48-72  tons) 

31-000  kg  (30-51  tons) 


1-287  m  (4  ft.  2^ J  ins.) 

2-255  m  (7  ft.  4 J  ins.) 

12  kg  per  cm^.  i 

(170-6  lbs.  jjcr  sq.  in.)     ' 

i 

I 

3-800  m  (12  ft.  s^Ojins.)   I 

I 
45  or70  mm  (i^or  2^  ius-)  ' 

I 
Un  or  88  I 

I 
2-00m2  (2i^sq.  ft.) 

/l]6-r,0m2(i255i  sq.ft.)   ' 
\l00-3m'-'(io7'jij!iq.  ft.) 

400  mm  (18  J  ins.) 
GOO  mm  (26  ins.) 


2-010  m  (6  ft.  7j!ri"3-) 
40-800  kg  (46  tons) 
20-500  kg  (29  tons) 


The  70  mm  (2;^  ins.)  arc  Servo  ribbed  tubes. 


M  \ni  II   r«ii 


(imniiNU   LocDMOTivK*  n    rKAVCI. 


'MO 


TABLE   11  (^ctmlimnrH  on  mrxl  payr). 

Cvmparalicf    teortim^j    of    ('  '     LiH-iiun'tirea    (Srrirt    500)    ami 

OnltHarjf  lAtrvmuttt.  -  <  900  )  on  jm*»en>jer  Iriiiiu 

Itrlterm  Paris  and  (JranrilU. 


0>MI<Ol'XD  I>0COllUTIT»  (SEHIB*  3UU) 


July  19U1  . 
Augu»t  l'.«l 
SfptMnUr  llMIl    . 


'7.711 

.V.,404 
34f-»S7 


i6,/, 
l'.»7 

ITS 

«:5A 


;o*6 


'.••34 


JJO 


5  24 

:.  •-•4 


4S  0 
o-l$4 

4S» 
0151 

41-8 


Total  ami  av«nkgi«      lG4,Oti4  1790  8*99  318  42*9 

101, vj*!  'T^H         >'•*  **'^  o*i;: 


OlU>UiAUY  lxXX»MOTlVE*  (StRlU  l«Ol» 


July  llHtl  .     .      . 

a;i.2o:. 

l.M» 

10-28 
J'- J 

•;-45 
•  >  • 

0*1^9 

August  lUi'l     .      . 

4'.*.9*.»1 

144 

10  31 

7-48 

49 -9 
0-176 

September  1901     . 

4l,::i«i 
Si.*-:* 

l.V.i 

'>4 

12  08 

■u  1 

7-911 

4<'.  4 

.164 

124,512 

IM 

nit; 

7'ao 
:6  J 

49-t 

o-lT<. 

Fig    18,  PUte  M.  givt-  I!.     1  :    lie  of  the  I'ftru^iraorille  line. 
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UOJiroUiNP   LOCOMOTIVES   IN  FUANCK. 


Mai;,  u    ||K)1, 


TABLE  11  (concluded  from  page  349). 

Couiparatire    icorl-iivj    of    Coniiionnd   Locomotkcs    (Scr'u-S   500)    and 

OrdliKiri/  Locomuiives  (Serie.s  900)  on  passenger  trains 

hclwccn  Laval  and  Brest. 


]\Iontli. 

]M  11  cage. 
Km. 
Miles. 

Average 

weight  of 

trains. 

T. 

Tons. 

Coal  eonsumcil. 

Oil. 

G  per 

km. 

Lbs.  per 
mile. 

Kg  per 

km. 
Lbs,  per 

mile. 

Kg  per 

km  per 

100  t. 

Lbs.  per 

mile  per  1 00 

torn. 

• 

Compound  Locomotives  (Seiues  500). 

July  liini    .      .      . 

34,382 

1!»4         1         9-0 

4-9 

43-2 

21,364-2 

190-9 

34-0 

17-6 

0-153 

;  August  rjOl    .     . 

39,204 

201 

9-9 

4-9 

33-7 

24,360-5 

197-8 

35'i4 

17-6 

0-119 

September  l!i01     . 
Total  aud  avcroges 

40,500 

23,2c8-7 

193 
189-9 

9-8 
34-8 

5-1 
i8-3 

32'.» 
0-1  j6 

114,1.")5 

190 

9-8 

4-90 

;)0  •  0 

7o>'J33'5 

192-9 

34-8 

17-8 

0-J29 

OiiDiN'ARY  Locomotives  (Sekiks  1)00 

)• 

July  1901   .      .      . 

38,420            lOG                 9-G               58 

42-3 

23,877-1         163-3            34-0             20-9 

0- 150 

August  liiOl    .      . 

40,457            158               10-2               0-5 
28,863-1         153-5           36-2              23-4 

31-4 

o- 1 1  r 

September  1901     . 
Total  nud  averages 

45,071             154         1         8-9               5-8 
28,378-8         J3i"5           3i"5              20-9 

30-1 
o- 106 

130,5.-.4 

159- 3              9-0                0-03 

31  -  0 

8[,I2C 

J56-7     i       34-0              21-7 

0-I22 

Fig.  19,  Plate  59,  gives  the  profile  of  t]je  Laval-Brest  line. 


31  >  COUfoVSV    LOCOMUI...  r,    ..    lUA.KCB.  3'A 

Tliu  two  Heriftf  uf  Iuounu)(ive«  wcro  uut  lu  idcuticjU  lu  potuible, 
aiul  that  wuiilil  \m  necvanry  fur  a  quilo  fair  roro|ian«(JU.  Still 
it  ia  inttrruating  ti>  uulo  tbat,  in  ihu  loug  ruu,  tUu  L'uiu]KiUuJii,  with 
the  tamo  or  with  a  smaller  oual-coniiUUiptioD,  Iiavo  hauloJ  greater 
weighta,  t«>  the  exteut  <tf  fr>>ui  one-fourth  to  uuo-«ixth.  The  oil 
couauniption  wan  tho  saiuu   iu   uuo  c%»e,  and  tvin   buiulKr   iu   thu 

(•llilT. 


II.  /wMr-Cy/inrfcr  CtfWtjHtUHd  Locontolim  trilh  thrfe-roupLd  Axles. 

Largo  numbers  uf  (Mmipouud  looumotiToii  with  tliree-c-oufiliMl 
axlfs  have  recently  been  onlenxl  in  Franco,  tho  total  stock  iu  ui»e  or 
on  order  being  H27  on  tho  1st  October  1903, 

Tho  55  locomotives  of  this  class  ordered  by  the  Northern 
lUilway  are  quite  similar  to  tho  previous  50,  with  wheels  of  1  -750  m 
<  5  ft.  8;  infi.)  ;  the  dimensions  will  bo  found  in  Table  2  of  former 
Paper  (Proceedings,  June  1900,  page  404). 

The  Western  Itailway  ordered  15  locomotives  similar  to  the 
]ireviou8  lot,  tho  diameter  of  wheels  being  1-720  m  (5  fL  7J  ins.). 
Working  fast  gcHKls  traffic  in  compurisou  with  the  old  ordinary  three- 
coujikxl  engines  Nos.  1541-1575,  the  coiu]K)unds  have  been  found  very 
economical  in  prolonged  use,  as  they  could  haul  much  hoarier  trains 
with  ease.  The  consumjition  of  coal  for  100  t  ()S*42  tons)  carrii^l 
1  luu  (o'Cii  mile)  has  been  reduced  from  5*70  kg  (12*56  Ibe.)  to 
iJ*G9  kg  (8  lbs.)  or  from  1  to  0-65  (100  tons  carried  i  mile  witli  a 
coal-cousumption  from  20.^  lbs.  to  15  lbs.).  The  oil-consumption 
has  been  increased,  but  the  coat  of  lubrication  is  altogether  very 
small.  The  following  Table  gives  the  result  of  this  comparativu 
working  for  one  year. 

Tho  principal  dimensions  of  the  locomotives  used  (ordinary 
locomotives  1541-1575,  and  comi>oundB  2501-2525)  aro: — 
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COMPOUND   LOCOMOTIVES    IN   FRANCE. 


MAKrll    r,H)|. 


TABLE  12  [rontiniitd  on  o^r^osite ;page). 


Compounds  2501-2525. 


Boiler : 
Internal  diameter  . 

Height  of  axis  above  rail 

Working  pressure  . 

Tubes  : 

Length  between  plates 

External  diameter 

Number 

Grate  area 

Heating  siirfiice 

Cylinders,  H.I'.: 
Diameter 

Stroke 

Cylinders,  L.P.  : 
Diameter 

Stroke 

Driving  wheels,  diameter 

"Weight  in  working  order ; 
Total    . 

Adhesive 


Ordinary  1541-1575. 


'1-446  m  (4  ft.  8  }  g  ins.)    1  •  300  m  (4  ft.  i^^  ius-) 
I 
2-410  m  (7  ft.  io|  ins.)  j  2-055  m  (6  ft.  8^1  ins.) 

(14  kg  per  cm^.  !  9  kg  per  cm^. 

((199*1  lbs.  per  sq.  in.)   '  (1:8  lbs.  per  .sq.  iucli.) 


|4-300m  (14ft.  ij;'^(jins.)  |  4-300m(i4ft.  i^^'j.  ins.) 
49  mm  (ij-;  ins.) 


f70  and  45  mm.  "1 

[(23-  and  i^  inches)        / 


[  117 

I   4  of  4.)  mm  {\'l  ins.) 
(  113  Serve 

•2-38  m2  (253  sq.  ft.) 

187 -'.)7m2  (20233 sq.ft.) 

'       350  mm  (13^  ins.) 

GiO  mm  (25  J  ins.; 

! 

'      550  mm  (2i|  ins.) 

I 

j       G40  mm  (25  J  ins.) 

j  1  •  720  mm (5  ft.  7 Jl  ins.) 

I 

1 

:     58-4  t  (57-48  tons) 
41-5  t  (40-84  tons) 


li)8 

1-42  m-^  (i5i  sq.  ft.) 
13'.f50  m^  (r5orgsq.  ft.) 

4()0  mm  (i8i  ins.) 
(J40  mm  (25^  ins.) 


1  -  510  m  (4  ft.  1 1  --^^^  ins.) 
>  3(J-45  t  (35-87  tons) 


M  VIK   M     I'.MII. 


OUMrOI-M*    LOCOMOTtVU    IK    FKANt^'i:. 


ynn 


(roNliHur<{  III!  nrjcl  jMt'ji  >  TAliLE  I'J. 

O'tHftartttirr    tCGrkiitg     of     Compoumh     2501-2525     and     Ordinary 

LiHitim'hit<t  IGll-lOTS  on  fiiat  «/(mm/«  train*  brticft-n 

Lr  JItirrr  and  Arijt^lruil  ur  Jtatiijnullei. 


Munlli. 


Km. 
MiU*. 


wei{;iit 

of 

train. 

•V. 


Kk  IH.T 

km. 

Uf.  orr 

miU. 


Kk  |»tr 
km  per 

lout. 

IJn.  p't 

tons. 


Oil    ! 

G 

p<T  km. 

JJf-  ver 

miu. 


Kumber 
of 

minutes 


OBPIXABT  I>.x>iMuii>t.5   j..-ij     1..,.. 


Muy           l.s'.c.t 

:W,5-J7 

284 

1.V2 
54 

.'.  3j 
'9-3 

200 
0-094 

4.110 

Juno 

:»,379 

J4,470 

287 

2»2j 

14«: 

5'» 

a-T? 

30-« 

29-2 

O*  lOJ 

4.8!:: 

July 

38,0*7 
2  3,VVJ 

287 

i:{-8 

4'> 

4  81 

281 

0099 

4._'»i.'i 

Au-u>t 

38,142 

23,700 

281 
=74 

14  2 

50-4 

.'••CC 
i8j 

30-5 
o*io8 

4.219 

September  ., 

83,730 

:o,96j 

280 
27$i 

14  1 

SO 

4  03 

30*6 
o*ig8 

4.455 

October 

41,1'.(3 

288 
:83i 

15-6 
553 

.'.•42 
19-5 

800 
o-io8 

0.687 

XoTembi-r  „ 

37,474 

282 

377i 

17:j 

6i-4 

(J-12 

32 

29-3 
0*104 

5,384 

Deoember    „ 

42,971 

:6,7oi 

277 

27:J 

19-8 

70J 

7  10 
35-8 

251 

0*089 

6,-272 

Jttuuary  19(Xt 

41,0:.:. 

3J.5H 

283 

2:«i 

18-3 

0-48 
JJ"J 

25*3 
0*090 

4,048 

February 

4  (),<':;  J 

18-3 

0-27 
32-6 

25-1 
0*089 

3,U22 

M»ivh 

4.-.,'.»8:t 

2«.57J 

284 
"9* 

IGl 
57-« 

:»0j 
30- j 

24*2 

0*085 

4,0UG 

April 

3.'..<;i7 

32,1  JO 

272 
267J 

W'8 

$6 

.%-80 

20*9 

20 

0*092 

4,014 

I  TuUU  and         )    472, 7 H; 
I  aveiaget    /    293,733 


2K5 
278i 


101 

571 


5*70 

20-J 


27-5 
0*097 


57.935 
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,M.\iMii  Mm, 


TABLE  12  (concluded  from  page  352). 

Comparative     irorJcing    of     Comjjounds     2501-2525     and     Ordinary 

Locomotives  1541-1575  on  fast  goods  trains  between 

Le  Havre  and  Argon f en il  or  Batignolles. 


Ave/ age 
wciglit 

of 
Iniin. 

T. 
Tons. 

Coal  consumed. 

."Muutli. 

^ril.'ngc. 
Km. 
Mile. 

Kg  per 

km. 
Lhii.  per 

mile. 

Kg  per 

km  per 

100  t, 

Jjh».  per 

mile  per  100 

ton. 

Oil. 

G 

per  km. 

Lbs.  per 

mile. 

Number 

of 
minutes 
saved. 

COMPOU* 

D  Locomotives  2501 

-2525. 

:\I:iy           ISDIt 

26,r)03 
j6,468 

44.-) 

438 

IG 

56-8 

3-Gl 
13 

r)0 

0-177 

3,7G3 

June            ,, 

28,758 

442 

14-9 

3-37 

50-7 

3,886 

17,870 

435 

53 

I2-I 

0-179 

July 

37,847 
23,516 

409 

402J 

11  3 

40 

2  ■  7G 
9-9 

52-2 

0-185 

5,0.10 

August        „ 

40,702 

410 

13-9 

3-39 

51-5 

5,547  ; 

25,291 

403J 

49  "3 

I2'2 

0-182 

i 

Soplcmber  ,, 

37,867 

432 

14-7 

3  •39 

53 

5,839  i 

23,528 

425 

52-1 

12-2 

o-i88 

October       ,, 

44,94G 

390 

15 

3-85 

50 

9,213  i 

27,928 

z^ii 

53-2 

13-8 

0-177 

1 

November   ,, 

4G,923 
'-9,157 

387 
380J 

lG-3 

57-8 

4-22 

15-3 

50-2 
0-178 

9,539 

December    ,, 

fi0,C49 

3t,472 

407 
400J 

17-8 
63-1 

4-39  . 

15-8 

53-4 

0-189 

11,467 

Juuuiiry   IDOO 

:i9,Gll 

449 

17-8 

3-98 

47-1 

5,399  j 

24,614 

442 

63-1 

14-3 

0-167 

February     ,, 

37,029 

23,009 

453 

4472- 

17-G 

62-4 

3-88 
14 

4G-2 
0-164 

4,877  i 

IMarcli          ,, 

42,GG7 
26,513 

474 
466i 

lG-9 

60 

3-.-)7 

12-8 

48-2 
0-171 

5,592 

April 

3t),335 

24.442 

472 

464^ 

lG-4 

58-2 

3-47 

12-5 

48-2 

0-171 

5,23;j  i 

Totals  nml        | 

472,8.-i7 

431 

1.V7 

3-G9 

50-7 

75,408 

avenigea    j 

293,808 

424 

55*7 

^'^3 

0-179 

Fig.  20,  Plate  60,  gives  the  profile  of  the  Paris-Lc  H-avre  line. 


MiiMH  I'.M'!  <->Mioi-Nn  i.oi'oM<iTivrM  i>  ».  ^xk.  "iif* 

lu  a«KliUuii,  tbo  WokUtii  lUilway  onlercd  20  kix-cuiiiilv<l 
coinpouuil  loo<imutivt«  with  diamckr  of  wIiocIm  onlargotl  to  1  1*10  ui. 
(6  ft  \^\  iuK.)  (Nou.  11701 -'J7:iO),  tluH  culargoujcut  being  the  only 
im|K*rtaut  tlilTeruuco  with  tho  proocxling  lot,  Fig  2,  Plate  50.  The 
priuciiwl  dinicuiiioua  aro  given  on  Tublo  IJ  : — 

TAHL?:    1.1. 
Priucipiil  dimeimoitf  of  ]Ve»lern  liailicatf  CompouniU,  Xos.  2701-2720. 
Ik.iUT : 

Internal  (lianu-tiT    .  1-480  m  (4  ft  io(  ins  ) 

lli'ight  of  axUalniv.   r.iii  2-505  m  (»  ft  3)  ins.) 

Workiujc  |mi»»uro    ....  15  ki^  jK-r  cm*  (21  j' j  lb«.  per  kj   in.) 
Tulfi : 

1/eu^th  Wlwi«n  pluii  4-5(K)  m  (14  fL  <>,'<  ina.) 

External  diauii'UT   .  .  lit  &  4.'>  mm  (2}  &  i}  iiia.) 

N'umU-r,  4  of  45  mm.  (,1^'  iu«.): 

lIMSirvoof  70(:J  in*  )         .  .  117 

(iratt-areii •J-45  m*  (263  aq.  ft.) 

ll<-utin^  (.urfar.    .  .  '.io-.' m- (21  74,^  i«<i.  It.) 

l\\Iindern.  HP. : 

Diamet<  r  .         ,  350  mm  (i ;}  in>'.) 

Stn>k."  G40  mm  (25i  inii.) 
C\  linden?,  L.r  : 

Diumi'ter         .         .  550  mm  (213  ins.) 

Stroke     ...  G40  mm  (254  iu^.) 

Drivinj,' wliitlN  tliauiii*.  1 -910  m  (6  ft  j,'j  ina.) 
Weight  in  workiiiL'  onkr  : 

Total C3-5t(62-5  toDi) 

AdheaivL' 45  /  (44- 28  tons) 

Interesting  tests  have  been  made  between  Paris  and  Le  Mans  of 
one  of  these  new  locomotives  (No.  2701);  one  Kix-coupkd  comi>ouud 
with  smaller  wheels  1-720  m  (5  ft  7^  ins.)  (No.  251C);  one  four- 
coupled  express  compound  (No.  521  1,  and  an  Italian  sii-coupled 
compound  locomotive  ^No.  3701),  with  the  lire-box  at  the  Kudiug  end, 
which  was  exhibited  at  Paris  in  1900.  These  four  engines  hauled 
successively  the  same  express  trains  fmm  Paris  to  Le  Mans,  the 
distance  being  217*5  km  ( 1  ? -,  •  1 5  miles)  and  liock.  The  profile  of 
the  line  is  given  in  Fig.  21,  Plate  CI.  The  iirinci|ial  dimensions  of 
the  four  engines  aro  given  on  Table  14  ([>ago  S5G) : — 
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^[\ucn  IfiOl 


^    a 


^■^  s 


S 


;^         C  _a         C  _:i 


2.5 


<    s 


S  t- 


?        -H 


O    r^ 

CO  v^ 


CO  9 


o  "^^ 


r-t« 


CO      ^ 


Cr(         f-    i. 


■^  K         CO  . 


10  "       f  iO 


oi   t--      _^  CO 

•   .~      •*'  O 

■-I  '^^  -t 


a  *    s 


s  2 


a>  r— 


c 


M  (lu  ti    1>>|.  COlirOrM)    I.Ol'OMilTlVKS    IN    rftANCK.  3!>< 

It  \ull  U'  luitu-ol  ttiiit  tilt'  prucluc-titiii  iif  htmiii  \nr  k^  ( Ib.^  nf 
Oikttl  in  hiukII  with  tho  Nu.  521  uii){it>o,  owiu^  U>  itn  mther  liuiitod 
)u«tiu);  Burfacu  an  cunijmrtMl  tu  thu  gruto  arua,  Uiim  Kurfttco  beiii|; 
tHpiuI  to  only  &G  timcn  thu  gratu  ar^a.  Tho  proiMirtiuii  in  better  in 
tho  itthor  on^incM. 

Tho  Pariti-OrleauK  lUihraj  haa  received  fruni  tho  "  Socii-to 
AlMurienno  do  Cunstructioua  Mrcauiijueit  "  15  Hix- coupled 
looomotiTeH  (Nob.  4001— 4<>15i,  Fij,'.  C,  Plato  r*l,  with  whooU  of 
I'SOO  m  (5  ft.  K';  ins.),  littod  with  a  lurgo  boiler  iik-ntical  to  tho 
one  of  tho  ue\r  "Atlautio"  locumotivoa  of  tho  Mame  company. 
Tho  8izo  of  tho  cylinders  is  alnu  tho  sanie,  3C0  and  600  bj 
640  mm  (  I4i\  aud  jj^  by  i',  i  ins.).  The  total  weight  in  service  is 
73,800  kg  (72*65  tons),  of  which  53,400  are  adhesive. 

Tho  Southern  Railmiy  niudo  an  important  addition  of  48  engines 
to  their  htock  of  27  six-coupled  4-cylindt'r  compounds,  without 
ultcriug  tho  type.     The  P.L.M.  onkred  100  such  new  locomotives. 

Since  January  I'JOO,  the  Eastern  Iluilway,  which  hud  then 
60  such  locomotives  (Nos.  3401-3400),  ordere<l  152  new  one«.  Of 
these,  the  Noe.  34G 1-3500  were  very  nearly  similar  to  tho  previous 
engines ;  however,  tho  fire-box  was  made  deej)er  in  front,  to  give 
room  for  a  more  inclined  grute.  For  locomotives  Nos.  3501-3520 
(Fig.  3,  Plate  50,  aud  Fig.  'J,  Plato  52),  and  Nos.  3521-3550,  3551- 
3580,  3581-3610,  a  new  sUirting  gear  (tho  same  aa  on  the  Northern 
llailwuy  locomotives)  was  substituted  to  the  old  one  (shown  on 
Fig.  24,  Plato  50,  Proceedings  of  tho  Institution  for  June  1900). 
Tho  driver  is  on  the  left  side  of  tho  engine.  The  bogie  was 
modified,  inside  boxes  being  substituted  for  the  outside  ones. 
Kuginea  Noe.  3501-3520  and  3581-3610  have  piston-valves. 

The  two  six-coupled  locomotives  Nos.  3101-3102  of  the  Eastani 
Kuilway  have  large  wheels,  aud  are  intended  for  express  trains. 
Fig.  10,  Plate  63.  They  were  put  in  service  at  the  end  of  1902. 
The  principal  dimensions  are  given  on  Table  16  (page  362  1 :  - 
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coMrouNi)  LodoMotiVKs 

i.N    J'RANCft. 

Mai 

:rii    1!M)|. 

TABLE  i: 

(cout 

'nucd  on  next  pacfc). 

Consumption  of  Coal  nm 

I  Water  of  Western  Baihcay 

Engines 

' 

■wovlcinfj  Trains  Nos.  5 

and  80 

1st 

. — Train  5.     Pakis  St.  Lazai;e  to 

00 

o 

X 

< 

d 
to 

3 

o 

o 

!h 

O 

fco,- 
J& 

'5  E 

1*-,    o 

o  i/: 

Toi 

C'onsumi>tion                        Consumption 

of                                          of 

Coal.                                    Water. 

Water  evaporated. 
Litres  per  Kg  of  Coal. 

Dates. 

Kg 
Total.     :     ]ier 

Kg 

per 
Km 

Total. 

Litres 
vev 

J^itres 
per 
Km 

1 

t*  1— 1 

Km. 

1 

per 
100  t. 

Km. 

per 
100  t. 

Tonnes. 
T'oji.'*. 

"■        X/;.s'.  per 
Us.       '    '"'■'*■ 

LU. 
ptr  mile 
per  100 

tons. 

Cubic 
metres. 

Gals. 

Gals, 
per 
mile. 

Gah. 
jKr  miln 
perim 

tons. 

Lhs. 
per  lb.  I 
of  coal.  ' 

1902 

22  April 

2701 

21c. 

280 

3,150        14-18 

5-17 

23,217 

lOG-7 

38-1 

i-ni 

47  a. 

275-57 

f-, 944-5      5'  "4 

i8-6 

5,110 

37-« 

13   7 

7 '3 

1901 

'■ 

1 

23  January 

o2I 

IGc. 

220 

3,800     *  17-47 

7-94 

19,G68 

90  4 

41-1 

5-17 

:ji  a. 

216-52 

8,377-5      62-0 

28-6 

4,  J  29 

-  32-1 

J4-8 

5'i5     i 

25  January 

25 IG 

10  c. 

225 

3,350        15-40 

G-84 

20,382 

93-7 

41-G 

G-084 

i 

38  a. 

221-44 

7,385-4  ■  54-67 

24-6 

4,486 

33-2 

15-0 

6-o6 

21  January 

.1701 

IGc. 

225 

3,550     t   lG-32 

7-25 

21,950 

100-9 

44-8    \ 

G-18 

o«u. 

221-44 

1 

7,826-3      57-9 

:                      1 
1 

26-1 

4,831 

35-8 

1 

i6'i    j 

1 

6-1 

"■ 
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(continued  on  next  }K'Q'i)  TABLK  15, 


yo8.  2701,  521,  2516,  and  of  Itnluni  Enjinc  No.  3701, 
bciicccn  Paris  and  Le  Mans. 


Lk  Mans.     217-5  Km  (155*13  milea). 


r 

Number 

of 

Minutes 

taken. 

1 

a 
■3 

Q 

5 

1 

1 
< 

ResulU      1 
observid 
in  dyniimo- 
mutur  car. 

Ca 

1 
al  consumption. 

Wat.r       1 
cuntiumtd.    ; 

1 

1 

1 

j 

Minutes. 

Per  square    \ 

metre  of  grate 

during       1 

Ter  square 

foot  of  grate 

during 

Per  1  hour   ! 
and  1  horse- 
power on 
tender 
coupling 
during       1 

Per  1  hour   ' 

and  1  h«ir:?c- 

jxjwt-r  im      1 

tender 
coupling; 

during 

Btato 

1                  r 

.1 

OB 

0 

.9 

E 

1 

Weather. 

Total  time. 

Actual 
running  lime. 

Total  time. 

S 

■s.s 
2 

Total  time. 

Actual 
running  time. 

(iuincd. 

Loet. 

Km. 

Kg. 

n.r. 

Tom. 

Kg. 
Lb$. 

Kg- 

U6. 

Kg.      Kg. 

Lbs.      Lbs. 

Litres.  Litres. 
GaU.     GaU. 

204 

'  182 

71-7 
44- 5 

•2,106  558 

2-07 

1 

386 

79-05 

432-6 

88-57 

1-660 
3-659 

1-86 
4-10 

12-23    13-68 
2-69      5-oi 

"* 

—    Rain,  light 
side  wind. 

203 

195 

66-7 
41-4 

1,3591334 
1-331 

468 
95*85 

487-1 
99-73 

3-27 

7-20 

3-51 

17-4     18-11 
3*83 1    3*99 

5 

—   Somewhat   ' 
strong  bide 
wind. 

207 

198 

05-9 

140-9 

1,474  134C-C 
1-45 

,    890 
8I-IO 

414-3 

84-79 

-2-79 
(.•15 

2-92 
6-43 

16-8     17-81 
370     3*9» 

7 

—   Somewhat 

strong  hide 
wind. 

204 

192 

G7-H 
4:*i 

,1,800  4:30-4 

1 

348 

71-27 

:3G9-7 

1  "■" 

2-42      2-57 
533       5*^6 

1 

14-94 
3  29 

15-9 
3-50 

10 

—    Rain   and 

s«>mcwhat' 
strong  side] 
wind. 

2  o 
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TABLE  15  (concluded  from  page  358). 


Consuivpfion  of  Coal  cdkI  Water  of  Western  Bailway  Enginei 

loorhing  Trains  Nos.  5  and  3C 

2nd. — TiiAiN  30.    Le  Mans  to  Pauis 


_ 

< 

Cousumptiou 

Consumption 

of 

of 

^ 

o 

a 
'to 

o 
a 

c3 

4  p) 
^  tu 

Coal. 

AVater. 

^ 

„!-] 

ti  0 

Dates. 

O 

03 

to 

s 

H  „ 

0  f^ 

3 

c3 

'S  S 

5 

o 

•3 

§1 

Kg 

Kg 

per 

Litres 

Litres 
per 

OS    0 

}2i 

o 

S  " 

Total. 

per 

Km 

Total. 

per 

Km 

^ 

1 

psf^ 

Km. 

per 

Km. 

per 

3 

loot. 

100  t. 

/^ 



Tonnes. 

Ivs. 

Lbs.. 

Cubic 

Gals. 

Gals. 

Lbs. 

-*-^o' 

Lbs.  per 

per  mile 

metres. 

per 
mile. 

per  mile 

per  lb. 
of  coal. 

ro?iS. 

Lbs. 

mile. 

per  100 
tons. 

Gals. 

per  100 
tons. 

1902 

28  April 

2701 

21c. 

250 

2,600 

11-95 

4-78 

21 , 000 

96-5 

38-6 

8-40 

48  a. 

246 

5,732 

42-42 

17-2 

4,621 

34-2 

13-9 

8-4 

]9(tl 

24  January 

521 

23  c. 

240 

3,450 

15-8G 

6-G 

19,016 

87-4 

39-7 

5-51 

^ 

4Ga. 

236-2 

7,606 

56-32 

23-8 

4,185 

31-0 

14-3 

5-5 

26  January 

251G 

23  c. 

245 

3,300 

15-17 

G-2 

20,948 

9G-2 

3!) -2 

G-34 

4Ga. 

24I"I2 

7,275-2 

53-35 

22 '  3 

4,610 

34-i 

i4'i 

6-3 

22  January 

3701 

24  c. 

260 

3,200 

14-71 

5-G6 

23,015 

105-8 

40-7 

7-19 

48  a. 

255-89 

7,054-7 

52-22 

20-4 

5,065 

37'5 

14-6 

7-1 

"M.UH  II    I'.Kll. 


OUMruUND    I.UCOMOTIVKS    IN    KUANCK. 


361 


(concluded  from  jiayc  358)  TABLK  15. 


JV(w.  2701,  521,  2516,  uud  oj  Italian  Enyiiio  No.  3701, 
helwi-cn  Paris  <nid  Le  Mainn. 

St.  Lazauk.     217-5  Km  (ijj'i)   milts).   ] 


Kt  8Ult8 

Coal  coiiBuuiption. 

1 
Water       1                 | 

N^iiiul>cr 

Observed 
in  dynamo- 
meter car. 

oonBumed. 

of 
Minutes 

^ 

Tcr  square 

Per  1  honr 

- 

takeu. 

s 

metre  of  grate 

ami  1  liorse- 

Per  I  hour 

Minutes. 

• 

during 

powcr  on 
tender 

and  I  liorse- 

1 

a 
a 

2 

s 

. 

power  on 

g^ 

orsc-power 
coupling. 

Ter  i<quare 
foot  0/ grate 

coupling 
duriii" 

teniier 
coupling 

State 

r*. 

of 

1 
5 

a 

9 

.£ 

during 

during 

Weather. 

1       ^ 

1        » 

e 

.^ 

> 

o  u 
to . 

^  >< 

6             S 

6 

a 

0 

a 

i 

Em 

hi 

-<5 

§1 

Average 
on  tcnd( 

Total  tiin 

Actual 
running  ti 

a 

"S 

Actual 
running  ti 

a 

3 
0 

H 

Actual 
ruuniug  ti 

0 
"S 

^1 

I-:  1 
1 

Km. 

Kg. 

H.P. 

Kg. 

Kg. 

Kg. 

Kg. 

Litres. 

Litres. 

Mile*. 

TofM. 

Lbs. 

Lbs. 

Lbs. 

Lbs. 

Gals. 

GaU. 

1 

252 

223 

58-5 

1,698 

366 

257-9 

291-4 

1-69 

1-91 

13-2 

15-42 

13 

Fine  weather. 

36-3 

1-67 

52-«i4 

59-69 

3-72 

4-Ji 

j-gi 

5-40 

with  light 
6ida  wind. 

247 

219 

59-5 

1,693 

320-3 

348    393-8 

2-58 

2-95 

14-4 

16-26 

5 



Fine  weather, 

j6-9 

x-66 

71-27   80-48 

5-68 

6-50 

3-17 

3-58 

with  frost. 

248 

218 

59-8 

1,615 

305-3 

324    370-7 

2-52 

2-97 

16-62 

18-89 

9 

Fine  weather, 

37*1 

1-58 

66-36J  75-78 

553 

6-54 

3*66 

4-16 

with  frosL 

244 

211 

61-8 

1,687 

340 

258 

303-3 

2-28 

2-67 

16-20 

19-24 

16 

Fine  weather. 

38-4 

1-66 

5J-84 

6j-05 

5-oJ 

5-88 

3'57 

4-24 

2  c  2 
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TABLE   16. 

Principal  dimensions  of  Easfcrn  Baihcay  Locomotives,  Nos.  3101-3102. 
Boiler : 

Internal  diameter 

Height  of  axis  above  rail 

AVorking  pressure 
Tubes : 

Length  bet\Yceu  plates  . 

External  diameter 

Number 
(irate  area. 
Heating  surface  . 
Cylinders,  HT. : 

Diameter 

Stroke 
Cylinders,  L.P. : 

Diameter 

Stroke 
Driving  wheels,  diameter 
Weight  in  working  order  : 

Total  .... 

Adhesive 


1-550  m  (5  ft.  I  iu.) 

2-630  m  (8  ft.  yj  ins.) 

15  kg  per  cm"  (:i3  lbs.  per  sq.  in.) 

4-200  m  (13  ft.  og  ins.) 

70  mm  (2I  ins.) 

140 

2-857  m=  (303  sq.  ft.) 

223-94  m"(;4 1 Oj\sq.  ft.) 


:)50  mm  (13 J  ins.) 
660  mm  (26  ins.) 

560  mm  (22  ins.) 
660  mm  (26  ins.) 
2-090  m  (6  ft.  iOjf5g  ins.) 

71-8  t  (70- r,6  tons). 
51  t  (50-19  tons). 


It  is  interesting  to  mention  here  a  tandem  compound  locomotive, 
wliicli  has  been  built  recently  by  the  Northern  Eailway  Company  for 
working  passenger  trains  on  the  Ceinture  Eailway  of  Paris.  This 
railway  is  a  circular  line  round  Paris,  with  a  length  of  31  "5  km 
(19^  miles),  23  stations,  and  gradients  of  1  in  100.  In  order  to  avoid 
an  undue  loss  of  time,  ordinary  locomotives  must  run  in  full  gear  until 
the  regular  speed  is  attained ;  thence  results  a  large  steam  consumption, 
and,  in  addition,  the  too-powerful  blast  disturbs  the  fire  on  the  grate. 

The  use  of  a  compound  locomotive,  under  these  circumstances, 
goes  against  the  prevailing  opinion  that  this  class  of  engine  is  not 
fit  for  frequently-stopping  trains.  And  really  it  seems  that 
compounds,  with  cylinders  of  suitable  proportions,  will  give  less 
trouble  and  consume  less  steam  when  worked  in  full  gear  for  a 
prolonged  time.  This  point  is  discussed  at  the  end  of  the  present 
Paper.  The  new  locomotive,  one  of  a  lot  of  15,  is  shown  on  Fig.  4, 
Plate  50.  The  principal  dimensions  are  given  on  Table  17.  The  valves 
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(•f  lK>t1i  TT.P.  uikI  L.1\  ryliuJors  ure  driven  by  tlio  sauir  K|jiudlo,  but 
thiii  spiudlu  is  iutorruptcd  in  iU  middle  purt,  butwcen  tho  twu  tundeni 
cylindere,  and  tlio  mution  is  transmitted  from  tho  rour  or  II.l*.  part 
to  tbo  front  or  L.P.  ono  by  a  connection  that  is  not  tight,  but  leaves 
a  loiif^itiidinal  play  of  a  few  millimetres.  Owing  to  this  device,  the  L.l'. 
viilvo  is  iilwiiys  11  little  later  in  its  travel  than  tho  II. I*,  valve,  thus 
producing  more  admission  and  less  compression  in  tho  L.P.  cylinder 

TABLE    17. 
Tank  LocomottccK  Not.  51-65 /or  the  Ceinture  Railway  of  Paris. 

Weight,  cuipty  .... 
Water  in  loiKr  .... 
Coal  ill  bunkers  .... 
Water  iu  tixuks  .... 
Total  weight,  in  ruuniug  onler 
Adhesive  weight,  mu\imum 

,,  „       with  liiilf  water  uii 


r»o-s:}y  t  (50  ton»).; 

;],G05  1  (807-9  gullouB). 

y,000  kg  (661 J -8  lbs.  or  rys  tons). 

r.,000  1(1102-3  gallons). 

C3-198  t(6:-i9  tonB\ 

47 -703  t  (47  tons). 


coal     . 
Mean  diameter  of  boil»-r 
Working  pressure 
Number  of  Serve  tubes 
Length  of  tubes  . 
External  diameter  of  tuK  > 
Heating  snrfaec: 

Fire-box. 

Tubes. 

Total  . 
Area  of  grate 
Diameter  of  H.P.  ej  liiuli  r.« 

„        „  L.P.  eyliuilers 
Stroke  of  pistons 
Diameter  of  coupled  wheel 
Diameter  of  bogie  wheels 
Extreme  distance  of  axles 
Totiil  length  of  engiut- 
Width  of  engine 
Tractive  power : 


/ 


Working  comiwunJ 


Itlieoretical 
practical     (7 
per  100) 

,,..^,    ,.      .     1     •■       (theoretical 
W  Jth  direct  n.lm.s.^.on  .^i,.^,,     ^- 

tu  L.P.  cvhudtH    .    j»    j^,  1,^^,^^ 


4-2-700  t  (4:  touB). 

i:JlGm;(4  ft  i\i  ins.); 

li»  kg  per  cm-  (j:-i;  lbs.  per  «><i.  In.) 

98 

;5-500m(ii  ft.  5 [3  ins.) 

70  ram  (:3  ins.)^ 

lOiiS  m-  (iioj  sij.  ft.) 

l'27-70  m-  (1,3745-  sq.  ft.,  internal). 

1:57  93  m' (1,484?  sq.  It.) 

•2-27  m'(:4f''a  sq.ft.) 

;>30  mm  (13  inis.) 

.")40  mm  (;i|  ins.) 

GOO  mm  (J3§  ins.) 

1-600  m  (5  ft.  2^  ins.) 

0-850  m  (2  ft.  9 J  ins.) 

7-9O0  m  (:;  ft.  11  ins.) 

11-445  m  (37  ft.  6 J  ins.) 

2-900  m  (8  ft.  6^  ins.) 

10.205  kg  (10-04  tons). 
)  7,144  kg  (7-03  tona). 

13,095  kg  (12-88  tons). 
>  9,1GG  kg  (9-01  tons). 


SGI  CO.MfuU-ND    LOCUilOXlVi.a    IN    I'UIA^CK.  Makcii    i'.hU. 

The  first  results  obtained  with  tbeso  locomotives  gave  satisfactioxi. 
The  whole  circuit  has  been  made  in  one  hour  and  five  minutes, 
stoppages  included.  The  present  schedule  allows  at  least  one  hour 
and  twenty  minutes. 

III.  FiVtr-ciilindcr  Compound  Locomotives  luith  Four-coiipled  Axles. 

Although  iu  many  cases  the  six-coupled  4-cylinder  compounds 
have  replaced  with  advantage  the  old  eight-coupled  locomotives, 
which  were  largely  used  in  France,  the  P.L.M.  system  has  a  large 
number  of  such  engines  with  four  cylinders,  and  a  new  type  of 
eight-coupled  4-cyliuder  compound  has  been  built  by  the  Southern 
Railway,  and  by  the  Eastern  Eailway. 

This  last  engine  is  represented  by  Fig.  7,  Plate  51,  and  Fig.  11, 
Plate  53.  A  pony  truck  is  used  in  front  of  the  cylinders  ;  Fig.  12, 
Plate  54,  gives  the  detail  of  this  truck.  The  four  cylinders  are 
placed  on  a  line  under  the  smoke-box.  The  high-pressure  cylinders 
are  inside,  and  command  the  second  couj)led  axle.  The  low-pressure 
cylinders  arc  connected  with  the  third  axle.  It  is  advisable,  as 
far  as  possible,  to  put  the  low-pressure  cylinders  inside,  under  the 
smoke-box  ;  but  in  this  case  their  diameter  is  too  large,  and  they 
cannot  be  placed  between  the  frames. 

The  principal  dimensions  are  as  given  in  Table  18  (page  365): — 

A  description,  with  drawings,  of  the  eight-coupled  locomotive  of 
the  Southern  Eailway  has  been  j^ublished  in  the  "  Eevue  generale 
des  Chemins  de  fer  et  des  Tramways "  (April  1902),  and  in 
"  Engineering"  (4th  and  18th  July,  1902).  Tables  of  comj)arative 
experiments  of  these  new  engines  and  of  old  goods  engines  show  an 
important  economy  in  favour  of  the  comjiound.  The  results  of 
comparative  working  for  twelve  days  are  shown  in  Table  19 
(page  366). 

The  old  locomotive  (No.  2001)  had  a  grate  area  of  1*900  m- 
(20 '4  square  feet),  a  working  pressure  of  9  kg  per  cm'-  (128  lbs. 
per  square  inch),  cylinders  of  540  mm  (21^  inches)  by  610  mm 
(24  inches),  wheels  of  1*210  m  (3  feet  11 J  inches),  and  weighs 
54  t  (53*14  tons).  With  the  new  ones,  the  weight  of  the  train  was 
increased   from    120  t  (ii8*ip   tons)  to  170  t  (167*31  tons),  the 
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Ooal-cuuBumptiou  boinj^  slightly  reduced,  and  the  quantity  of  wat4.r 
cuuHumud  roinaiiiing  jtrtictic-tilly  the  buiue. 

Tho  Paris Orlt'auB  Kuihvuy  has  ci)iu|tlet(Hl  its  stuck  of  powerful 
locomotiTes  with  12  eugiues  uf  this  class  (four  coupled  axles  an<l  a 
pony  truck) ;  tho  boiler  is  the  samo  as  ou  thu  new  "  Atlantic  "  and 
six  tMUpled  engines,  moutioiu-d  above. 


TABLE    18. 
Locimiotires  with  Fuur-coupled  Axles. 


Southern  Railway. 


Easttrii  Kuilwu''. 


ll..iUr  : 

Internal  dianii-ter  . 

Height  of  axis  above  rail 

Working  presaurc  . 

Tubes  : 
Lt-ugth  between  plates 

External  diameter 

Number 
Grate  area 
Heating  Burfaee 

Cylinder-!,  II. 1'.  : 
Diuiueter 

Stroke 

Cylinders,  L.P. : 
Diameter 

Stroke 

Diameter  of  driving  wheeLi 

Weight  in  working  order  : 
Total. 

Adhesive     . 


1j1;J  m(+ft.  Hi  iu8.)      1-5.10  m  (j  ft.  i  in  J 

2-600  m  (8  ft.  6g  ina.)   I  2-COO  m  (8  ft.  Cg  ins.) 

(       1.")  kg  per  cm'         V(       15  kg  per  cm* 
\  (21  j  Iba.  per  »q.  hi.)  /  \   (215  lbs.  \x:t  8q.  in.) 

I 

4  •  :iOO  m  ( 1 4  ft.  1 1'«  in.)  4  •  300  m  ( 1 4  ft.  i  ic  »«"•) 

70  mm  (2j  ins.)  70  mm  (2J  ins.) 

148  148 

2-808  m'  (5ci  s.i.  ft.)  2-707  m-  (29!  tq.  ft.) 


25G-21  m*. 
(27575  sq.ft.) 


3'JO  mm  (15I  ins.) 
O.'iO  mm  (3;^  ins.) 

GOO  mm  (23I  ins.) 
C;'>0  mm  (2  5 2*^  ins.) 


)( 


248-15  m-. 
(2671^  sq.  ft.) 

390  mm  (15I  ins.) 
G30  mm  (25 ^^  ins.) 

000  mm  (:j^=  ins.) 
OJO  mm  (25j^  ins.) 


l-400m(4ft. -^iuB.)     r400m(4ft.  T^ina.) 


71  -G  t  (70-46  tons) 
04-61(63-57  ions) 


72-5  1(71*64  tons) 
65-3t(64-26  tona) 


366 
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IV.    \'it Ice  Gears  fur  Compound  Locomolicet. 

Am  roganla  t&Ito  gears,  the  WalaohjMrta  ■ystem  hat  been  aJopUxl 
for  mauy  of  the  Freuch  4-cylindor  coupouuds,  eh  well  an  for  ordinary 
looomotiyo8.*  Thin  syBtom  itt  quitu  convouicut  whcu  tliu  valvu  in 
]>laced  aboTo  or  uudcr  tLu  cylinder,  aud  theru  iH  a  distinct  advantago 
in  thu  nse  of  one  occontric  instead  of  two,  for  inside  as  well  as  fur 
outside  cyliuderH.  Tho  whole  niechauism  is  simple,  and  easily  kept 
in  order.  Tho  distribution  of  stciiui  uffectotl  by  tho  Walschatrts 
system  is  particularly  good,  and  quite  uniform  ou  both  sides  of 
piston  at  difforent  points  of  cut-off.  The  reason  of  this  uniformity, 
greater  than  with  tho  ordinary  systems,  where  the  whole  motion  is 
derived  from  two  eccentrics,  is  obvious  ;  with  the  ordinary  systems, 
the  obliquity  of  the  connecting-rod  is  a  cause  of  incxjiuility,  the 
travel  of  piston,  for  a  same  angular  dis])lacement  of  tho  crank  from 
Inith  dead  points,  showing  noticeable  differences.  With  tho 
Walschaerts  gear,  the  motion  of  the  valve  is  derived  from  one 
eccentric  and  from  the  piston  itself;  the  obliquity  of  the  connecting- 
rod  has  no  effect,  and  ine<jualities  arise  only  from  the  small 
obliquity  of  the  eccentric  rod. 

Plate  62  gives  details  of  the  newest  construction  of  this  gear  by 
the  Societe  Alsacienne  de  Constructions  Mt-caniques.  Fig.  20  shows 
the  oscillating  link,  supported  by  trunnions  on  both  sides  ;  Figs.  '27 
to  29  show  tho  way  of  guiding  the  valve-spindles.  With  the 
ordinary  design  of  the  Walschaerts  gear  there  is  no  vertical  plane 
of  symmetry  for  tho  whole  mechauisai,  and  that  want  of  symmetry 
tends  to  produce  lateral  bending  of  the  parts.  Fig.  27  shows  liuw 
the  lever,  worked  from  the  piston  crosshead  and  from  the  link,  is 
connected  to  the  yalve-spiudle,  the  connection  being  made  on  the 
central  axis  of  the  spindle,  which  is  guided  in  straight  line  by  a 
forked  part.  On  Figs.  28  and  '2\)  are  seen  the  guides  of  this  forked 
part  for  the  H.P.  (outside)  aud  L.P.  (inside)  cylinders. 


*  Ad  iDtcreeting  history  of  the  WiiIscLa^rta  gear,  by  Mr.  J.  Buulvio,  had 
been  publuht-d  in  the  **  Hevue  do  Mt^cauique,"  February  UK)2,  pag«  lOi. 
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Some  contrivances  are  necessary  to  avoid  excessive  compression 
in  coniiiouml  locomotives.  A  mucli  larger  clearance  than  usnal  must 
he  resorted  to.  On  the  Eastern  Eailway  locomotives,  this  clearance 
is  about  18  per  cent,  of  the  cj'linder  capacity  proper  (stroke  X  surface 
of  piston)  for  the  high-pressure  cylinders,  and  12  per  cent,  for  the 
low-pressure  cylinders.  On  the  Soxithern  Railway  locomotives,  the 
clearance  is  from  12  to  14  per  cent,  for  the  high-iiressure,  and  from 
7  to  9  per  cent,  for  the  low-pressure  cylinders.  In  addition,  the  valves 
have  generally  a  negative  lap  of  about  1  •  5  mm  (o  •  o6  inch  or  ^\;-  inch) 
on  each  side.  On  the  Eastern  locomotives,  this  negative  lap 
is  given  to  the  loAV-pressure  valves  only.  It  must  be  noticed  that 
short  cut-off  is  not  resorted  to,  especially  at  high  speed.  When 
these  precautions  are  taken,  experience  proves  that  the  highest 
speeds  may  be  obtained  with  compounds  as  well  as  with  ordinary 
locomotives. 

Experiments  made  on  the  Northern  Railway  *  have  proved  that 
it  is  useful  to  give  a  large  diameter  to  the  pipes  siipplying 
steam  to  the  high-pressure  cylinders ;  as  the  regulator  is  not  always 
Avidc  open,  and  as  the  density  of  steam  at  very  high  pressure  is 
great,  it  might  be  supposed  that  a  small  pipe  would  be  sufficient ; 
but  too  small  a  pipe  causes  an  important  drop  of  pressure  during  the 
admission  in  the  high-jiressure  cylinder,  shown  on  the  diagrams,  and 
this  is  avoided  with  a  large  jjipe.  A  diameter  of  90  mm  (3^  inches)  is 
advisable,  the  diameter  of  the  cylinders  being  340  mm  (132  inches) 
or  350  mm  (13^  inches),  and  each  cylinder  being  provided  with  a 
separate  pipe. 

Fig.  30,  Plate  G3,  shows  the  joint,  inside  the  boiler,  of  the 
steam-pipe,  running  from  the  regulator  to  a  casting  where  it 
branches  in  two  pipes,  giving  steam  to  the  H.P.  cylinders.  On 
Fig.  31  is  seen  the  sliding  joint  of  one  of  these  branch  pipes. 
The  way  of  making  joints  with  very  narrow  annular  portions  of 
spherical  surface  is  noticeable  on  these  illustrations. 


*  See  "Kevue  gene'rale  des  Chemins  dc  fer  et  dcs  Tramways,"  June  1898 
page  431. 
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V.  Slarliii'j  J)<  £«»•*». 

In  nil  recent  4-cyliniKT  comiKjund  l<K\iniotivo«,  it  ha«  been  found 
advisable  to  ]>roviile  a  ilirect  exhauKt  for  the  high-i)re88uro  cyliudern, 
with  au  aJmis8ioii  of  steam  frutu  tho  boiler  (at  a  reduced  pressure) 
to  tho  low-prossuro  cylinders.  Tho  object  of  such  devico  is 
principally  to  avoid  any  difficulty  in  sturtin{»  from  rest,  such  as 
occurs  sometimes  with  the  ortlinary  locomotives,  and  6j>eeially  with 
com}H)uuds  without  such  a])paratU8.  In  exceptional  ciiscs,  for 
instance  in  talcinj^  a  heavy  j^oods  train  at  a  slow  speed  up  a  grade, 
tho  separate  working  of  the  four  cylinders  may  be  resorted  to ;  but 
generally  tho  adhesion  would  be  found  insufficient  for  such 
prolonged  working. 

Tho  latest  style  of  this  device  is  shown  on  Fig.  32,  Plate  G3,  and 
consists  of  a  revolving  lantern  on  tho  nide  of  tho  steam-chest  of  tho 
low-pressure  cylinder  (one  for  each  cylinder).  Steam  exhausts  from 
the  H.P.  cylinder  through  the  pipe  on  tho  left  of  the  drawing,  and 
passes  through  L  and  O  into  the  steam-chest  of  the  L.P.  cylinder. 
In  another  position,  the  opening  O  is  covered,  and  L', 
communicatiug  with  0',  opens  a  direct  exhaust  to  the  H.P.  cylinder. 
At  the  same  time,  a  6i»eciiil  valve,  Fig.  33,  on  tho  back  plate  of 
tho  boiler,  admits  live  tteam  to  the  L.P.  cylinder.  This  valve  does 
not  need  to  be  of  large  section,  as  the  pressure  of  steam  must  be 
reduceil.  a  safety-valve  on  the  receiver  (in  communication  with  the 
L.P.  steam-chests)  blowing  oti*  under  a  pressure  of  6  kg  pur  cm- 
(85*3  lbs.  persq.  in.) ;  the  top  pipe  seen  on  Fig.  33  takes  dry  steam  in 
the  dome,  the  bottom  one  sends  it  to  the  receiver ;  the  valve  is  a  double 
one,  to  allow  a  fine  regulation  of  pressure ;  the  small  valve  seen  on  the 
top  of  tho  casting  is  for  heating  purposes.  The  revolving  lantern  is 
worked  vn-ith  the  aid  of  a  compreesed-air  cylinder. 

The  starting  device  allows  four  different  ways  of  using  the 
engine:  (1;  normal  compound  working;  (2)  with  four  separate 
cylinders,  for  rapid  starting,  used  in  very  special  oaaes ;  (3)  with 
H.P.  cylinders  only ;  or  (4)  with  L.P.  cylinders  only,  in  case  of 
breakdown  of  mechanism. 
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VI.  Scitinij  of  Crmtls. 

lu  all  rcccut  designs,  tlio  simple  plan  of  setting  at  180° 
the  two  cranks  on  each  side  of  the  engine  lias  been  adopted :  thus 
the  left-hand  side  outside  crank  and  the  left  inside  crank  are  at 
180',  whilst  the  right  ctauks  are  at  90°  with  these.  Of  course  a 
more  complete  ciiuilibvium,  without  the  use  of  counterweights  on  the 
wheels,  might  be  obtained  by  setting  the  cranks  after  the  Yarrow, 
Schlick,  and  Tweedy  system.  The  angles  of  setting  are  very  easily 
determined  by  the  application  of  the  method  beautifully  described 
before  the  Institution  by  Professor  Dalby.*  But  as  the  outside 
cranks  corresponding  to  the  high-pressure  cylinders  must  be  at  right 
angles,  owing  to  the  coupling-rod,  the  inside  cranks  would  be  at 
an  angle  of  about  70° ;  as  they  correspond  to  the  low-pressure 
cylinders,  this  would  give  an  irregular  exhaust,  which  would  not  be 
very  satisfactory,  at  least  in  appearance. 


VII.  Superheated  Steam. 

Nothing  worth  mention  has  yet  been  done  in  France  as  regards 
the  use  of  superheated  steam  on  locomotives.  In  England,  Mr. 
Aspinall's  superheater  has  been  described  in  the  Proceedings  of  the 
Institution  (June  1900,  page  409).  In  Germany,  several  applications 
of  superheated  steam  have  been  made,  and  fully  described  by  Mr. 
Garbe.f  Mr.  Garbe's  conclusion  is  that  fully  as  good  results,  as 
regards  economy  of  fuel  or  increase  of  power  of  locomotive,  may 
be  obtained  by  sujierheating  as  by  compounding.  The  use  of 
superheating  has  not  been  in  use  long  enough  to  decide  the  question 
with  certainty,  from  a  practical  point  of  view  ;  and  experiments 
remain  to  be  done  on  the  effect  of  superheating  on  compound 
locomotives.  It  is  a  question  of  great  interest,  but  beyond  the  scope 
of  the  present  Paper. 


*  Proceedings  1901,  Part  5,  page  1157. 

t  Zeitschrift  des  Vereines  deutscher  Ingenieure,  1902,  pagcB  14.1  and  1S9. 
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\'III.  Some  Dflailn  of  Contitrm-tum. 

Tho  rovoraing  ^ear  inori)  gunorully  usod  is  that  hIiowu  on 
Fig.  22,  Plato  49  (Procoetlings,  Juno  1900\  with  two  scrows  in  a  lino, 
which  can  bo  workcil  Ri-parutcly  or  together.  On  thn  Intost 
li>cumotivo8  of  tho  P.L.M.  Kystein,  tho  «le8igu,  Fig.  31,  Plate  C4,  in 
such  that  tho  rovorsiug  gear  of  tho  L.P.  cylinders  is  always  in 
full  gear,  forwunls  «>r  backwanls  ;  tho  jjosition  of  tho  H.P.  gear 
nlouo  can  bo  ultero<l  at  will.  An  oil  eattiract,  seen  on  tho  right  of 
tho  Jrairiug,  is  connoctetl  with  tho  L.P.  bar,  to  avoid  too  rapid 
motion  whon  tho  goar  is  roversod,  as  this  bar  is  only  pushed  by 
tho  movable  nut  on  tho  screw  but  not  firmly  connected  with 
this  nut. 

For  easy  working  of  the  ordinary  gear,  the  Societo  Alsacienne 
has  recently  provided  two  ball  bearings  at  tho  forward  end  of  the 
screw  shaft,  Fig.  o5  ;  these  consist  of  small  balls  between  two 
grooved  platos,  of  an  ordinary  type,  which  can  be  easily  and  cheaply 
replaced  when  worn  out.* 

Tho  piston-valves  of  Est  engines,  Xos.  3501-3520,  have  already 
boon  mentioned;  Fig.  3G  shows  tho  valves  for  H.P.  cylinders,  and 
Fig.  37  the  valves  on  L.P.  cylinders.  Admission  is  between  the 
pistons  of  the  valves  and  exhaust  outside.  They  have  been  found 
advantageous,  principally  as  providing  larger  steam  passages  than  flat 
valves,  and  thus  reducing  wiredrawing,  both  for  admission  and  for 
exhaust.  Compared  with  similar  locomotives  having  flat  valves 
and  doing  the  same  work  during  a  lengthy  period,  these  engines 
with  piston-valves  have  shown  an  economy  of  10  per  cent,  in  coal 
consumption. 

Tho  blast-pii>e  is  generally  of  tho  French  system  with  two 
movable  flaps,  Fig.  22,  Plato  61.  In  some  cases,  especially  on 
the  Est.  a  transverse  edge,  as  shown  on  the  drawing,  has  been 
added  with  advantage. 


*  The  tracings  of  the  details,  reproduced  on  this  Fig.  and  on  Platt«  62  and  63, 
have  beeu  kindly  furnished  to  the  author  by  Mr.  A.  de  Glebu,  General  Maiiuger 
of  tho  Socie'te  Alsacienne  de  Coustructions  Mecaniquo«. 
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For  oiling  the  niocbanism,  tho  Midi  and  Est  use  the  cups 
shoTMi  on  Fig.  23,  Plato  01,  where  tho  oil-flow  can  be  regulated  at 
will.  This  cup  is  designed  for  moving  parts,  such  as  rod  ends.  On 
fixed  parts,  such  as  crosshead  guides,  the  opening  is  at  the  bottom 
of  tho  cup,  Fig.  21,  and  a  cock  is  provided  to  stop  tho  flow  whilst 
standing. 

Some  railways  have  substituted  compressed  air  for  steam  for 
working  the  sand-blast ;  the  casting  shown  by  Fig.  25,  Plato  Gl,  is 
provided  at  the  bottom  of  the  sand-box  ;  air  comes  through  the  pipo 
on  the  left,  and  divides  in  two  branches ;  one  strikes  tho  sand,  and, 
with  the  addition  of  the  second  branches,  carries  it  down  to  the  rail 
under  the  wheels.  It  will  bo  noticed  on  Fig.  8,  Plate  52,  that  two 
sand-boxes  are  provided,  each  with  pipes  for  working  in  both 
directions.  There  is  a  tendency  in  France  to  revert  to  the  old  system 
of  placing  sand-boxes  on  the  top  of  the  boiler,  for  keeping  the  sand 
dry. 

IX.  Opinious  of  French  Locomotive  Superintendents. 

The  locomotive  superintendents  of  some  of  the  large  French 
railway  companies  have  kindly  given  to  the  author  of  the  present 
Paper  their  opinion  on  4-cylinder  compound  locomotives.  These 
opinions  are  as  follows. 

^I.  Du  BousQUET,  Locomotive  Superintendent  of  the  Northern 
Railway,  says  that : — 

''  The  question  of  compound  locomotives  was  taken  up  in 
1884  by  the  Chemin  de  fer  du  Nord:  in  that  year  a  4-cylinder 
compound  locomotive  was  ordered  from  the  Societe  Alsacienne  de 
Constructions  Mecaniques :  the  boiler  was  the  same  as  on  the  ordinary 
express  locomotives  of  the  company,  the  working  pressure  was  the  same, 
namely  11  kg  per  cm-  ("156*  55  lbs.  per  square  inch),  the  diameter  of 
the  cylinders  of  the  ordinary  locomotive,  460  mm  (18^  inches),  was 
jjreserved  for  the  low-pressure  cylinders  of  the  compound.  In  fact, 
the  only  essential  difference  was  that,  in  the  compound,  tho  steam 
passed  at  first  through  cylinders  of  2330  mm  (13  inches)  diameter. 

"  During  a  period  of  nearly  eighteen  years,  from  1884  to  1902, 
the  coal-consumption  of  this  4-cylinder  compound,  compared  with 
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onliuary  KH:om(>livi>ii,  Iiuh  boon  ounKUutly  luiui,  tliu  uvi-rAf^c 
uuuiiumptiuu  Uiiig  8'G  kg  jkt  km  (jo*',  Ibti.  i>or  mile),  a^niuht 
10*4  kg  (iC'jj  Ibd.  per  milo)  fur  tbo  onliimry  looomottTeii,  iiaviug 

1  '8  kg  jH»r  km  (6*  59  lbs.  i>c'r  mih- ). 

"The  oil  couiiumod  was  2-1  kg  jKjr  100  km  ((i'5i  lb»i.  i>cr  100 
luilfH)  agiiiust  ttu  avurago  of  I'W  kg  (6*7  lbs.)  fur  tho  ordinary 
looomutivuK.  But  tho  extra  oxpenso  resulting  from  this  iucroaaed 
consumption  was  very  sumll,  owing  to  tho  low  prico  of  tho  oil 
oonsumttl,  2f>  coutimes  per  kg  (1  •  2  ])onco  ])cr  Ibj. 

"  Tho    cost   of   repairs   did    not    vary    much ;     still    thoy    woro 

2  centimes  higher  per  km  ( o*  j  t)f  u  penny  ])or  mile  )  for  tho  compound. 

'*  Would  it  be  possible  to  obtain  this  well-proved  saving  of  1  •  8  kg 
l>or  km  (6*39  lbs.  jKir  milo)  with  single  ex]>ansion  locomotives 
fitted  with  an  improved  mechanism  of  steam  distribution,  such  as 
Corliss  valves?  I  do  not  believe  so,  for  tho  saving  is  mainly  due,  in 
my  opinion,  to  tho  reduced  condensation  of  steam  in  the  cylinders 
resulting  from  the  compound  system. 

'•  The  economy  of  coal  for  our  company,  which  gets  cheap  coal  on 
its  lines,  may  appear  of  secondary  importance.  But  it  must  be 
observetl,  and  that  is  of  chief  importance,  that  tho  economy  is 
obtained  only  during  a  fraction  of  the  total  run.  For  instance,  an 
ordinary  goods-engine,  running  down  grade  witli  steam  shut  ofl",  docs 
not  consume  more  than  the  compound  under  tho  same  circumstances. 

"  In  fact,  tho  saving  is  obtained  on  the  level  parts  and  chiefly  on 
rising  gradients.  The  mileage  corresponding  to  the  saving  is  much 
below  the  total  mileage.  This  saving  for  each  kilometre  of 
level  or  rising  lino  is  far  superior  to  the  average.  The  result  is 
that,  instead  of  being  kept  in  tho  tender,  the  coal  so  saved  may 
be  burned  in  the  fire-box.  Under  these  new  conditions  the  same 
quantity  of  steam  is  generated,  but  the  useful  eti'ect  obtained  is 
greater ;  the  speed  on  rising  gradients  is  increased,  or  the  weight 
hauled  is  larger,  or  speed  and  weight  are  both  increased. 

"  Important  results  are  thus  obtained ;  the  daily  mileage  ot 
locomotives,  drivers,  firemen,  train  staff  is  greater  ;  carriages  and 
wagons  are  better  utilized  ;  piloting  and  supplementary  trains  arc 
disiK'Used  with. 
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"  This  is  well  sliowu  by  tlio  following  examples. 

"  The  present  express  compoiind  locomotives  haul  a  train  of 
200  t  (196 '84  tons)  from  Paris  to  Survilliers  in  19  minutes,  with  a 
rising  gradient  of  1  in  200  for  the  greatest  part  from  St.  Denis  to 
Survilliers,  the  speed  on  this  gradient  being  100  km  an  hour  (62  •  13 
miles  per  hour).  That  is  exactly  the  shortest  time  that  was 
consumed,  and  it  is  still  consumed  wlicn  running  down  from 
Survilliers  to  Paris. 

"  The  average  speed  of  fast  trains  has  been  greatly  increased  by 
the  mere  augmentation  of  speed  on  level  and  rising  gradients  without 
exceeding  the  limit  of  120  km  an  hour  (74*5  miles  per  hour) 
attained  on  falling  gradients  for  a  long  time. 

"  The  reduction  in  the  duration  of  journey  allows  runs  of  300  km 
(166 '4  miles)  with  one  engine  and  one  crow,  although  the  weight  of 
passenger  trains  attains  and  frequently  exceeds  300  t  (295 '26 
tons). 

"  The  results  obtained  with  4-cylinder  compounds  and  6-coupled 
wheels  of  1-750  m  (5  feet  8;  inches)  diameter,  working  goods  trains, 
are  not  less  satisfactory.  Coal  trains  weighing  925  t  (910*3  tons), 
of  which  600  t  (590  tons)  useful  weight,  make  in  7  hours  the  run 
from  Lens  to  Paris,  via  Ormoy,  230  km  (143  miles),  with  one 
engine,  one  crew  and  one  train  staff.  With  the  old  8-coupled  wheels 
of  1*300  m  (4  feet  3^^  inches)  diameter,  the  weight  hauled  was 
675  t  (664  tons) — of  which  4.00  t  (393^  tons)  was  useful  weight — 
and  the  time  was  14  hours  for  the  same  distance. 

"  The  saving  in  engines,  drivers,  firemen,  conductors,  brakemen, 
the  increased  tonnage,  the  better  utilization  of  wagons,  are  such  that 
the  common  objections  against  the  compound  locomotives,  namely 
complication  of  parts,  increased  risk  of  breakdov/n,  increased 
expenses  of  up-keep,  appear  as  of  no  value. 

"  However,  owing  to  the  greatly  increased  pressure  of  steam, 
special  attention  must  be  paid  to  the  boilers.  Copper  does  not 
stand  well  the  high  temperatures  resulting  from  increased 
pressures.  With  the  use  of  manganese  bronze  the  breaking  of  stays 
has  completely  ceased,  but  wo  have  no  satisfactory  material  for 
tube  plates. 
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"  We  h»il  uu  truublu  with  the  Ataigea  of  the  fruut  pUto  uf  the 
uutKidu  tiro  Ixix,  m»  loug  an  thvy  were  unule  of  wrought  irou,  but 
friHiUtut  iuc*iuvcuionc«  rcHultiJ  from  tho  umj  of  imM  8t«ol.  Wo 
raturu  to  thu  use  uf  iruu  platen,  ut  leaut  for  thu  prcMout." 

M.  Baduhy,  LtuHtniotivo  SuiK^riiitfUilt-ut  of  tho  P.l^.M.  Ituilway, 
uuide  a  oommuuicutiou  to  thr  Socit-to  tlon  Ingt-uieurH  L'ivilt*,  ou 
7th  October  1K98,  of  which  the  ooucluaiou  in  vm  fuUowit  •  :   - 

"  Sumo  pooplo  may  b«  of  upiuiou  that  the  importunco  of  thu  coal 
sariug  duo  to  comiK)Uud  locomotivo«  is  small,  auil  even  vauiuhbH 
wheu  tho  prico  of  coal  is  very  low.  That  iB  a  mibtake,  atf  tho 
saviug  of  coal  moans  roidly  au  iucroaiMHl  power  of  tho  locomotive, 
lu  fact  there  is  no  isaviug  of  coal  for  a  certain  work  iKjrformeJ,  but 
there  is  more  work  for  tho  tamo  coal-consumption  ;  thence  result 
other  important  savings,  namely  less  locomotives,  less  drivers,  less 
tiremeu,  and  loss  trains  are  uecessary  for  a  given  traffic.  Those 
aggregate  savings,  which  do  not  depend  upon  tho  price  of  coal,  greatly 
exceed,  in  tho  majority  of  cases,  tho  saving  of  coal  proper.  If  tho 
weight  of  trains  is  not  increased,  then  au  acceleration  in  speed  is 
possible,  and  in  that  way  tho  construction  of  more  economical 
locomotives  has  resulted,  during  the  last  few  years,  in  au  increase 
of  speed  on  all  French  lines." 

M.  MoKFUE,  Locomotive  Superintendent  of  the  Southern  Itailway, 
declares  that  he  considers  compound  locomotives  as  undoubtedly 
iuivautageous ;  the  results  in  service  prove  that,  if  expenses  for 
repairs  and  for  lubrication  are  a  little  larger  with  these  engines  than 
with  single-expansion  locomotives  worked  in  comparison,  they  haul 
with  a  slightly  less  coal-consumption  much  heavier  trains  (^by 
about  40  per  cent.). 

M.  Salomon,  Locomotive  Superintendent  of  the  Eastern  Ivailway, 
writes  that : — 

"  Compared  with  tho  ordinary  locomotive,  the  compound  locomotive 
has  the  important  advantage  of  a  coal  economy,  which  varies  with 


•   Cousulted  by  tbu  autlior  of   the    prubeut    I'aper.  .M.  Uaudry  ref«rrt-*l  to 
Uut  oomujouioatiiju  a«  btill  expn-Miing  bu  actual  upiuioQ. 
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the  nature  of  the  service,  but  wbicli  is,  on  an  average,  from  10  to  15 
per  cent.  With  the  use  of  four  cylinders  tlio  symmetry  of  tlic  engine 
is  preserved,  inertia  forces  arc  in  better  equilibrium,  tbe  turning 
force  is  more  uniform,  tbe  total  work  is  divided  between  two  axles, 
and  stresses  are  more  evenly  distributed  on  the  frame.  As  a 
consequence,  tbe  mileage  between  two  heavy  repairs  in  the  shops  has 
been  increased  by  50  per  cent. 

"  In  my  opinion,  the  use  of  these  locomotives  marks  an  important 
im2)rovement,  which  has  not  been  accompanied  by  any  trouble  in 
service  ;  the  only  objections  which  have  been  often  made  to  the  use  of 
compound  locomotives  are  want  of  elasticity  in  their  power,  and 
excessive  compression  of  steam  at  high  speed.  As  regards  the  first 
objection,  the  use  of  independent  gears  for  the  high  and  for  the  low- 
pressure  cylinders  allows  a  satisfactory  distribution  of  steam  under 
very  different  rates  of  weight  and  speed.  The  second  objection 
vanishes  with  large  clearances  and  sufticient  area  of  steam  passages 
on  the  low-pressure  cylinders.  In  this  respect  piston-valves  will  be 
quite  suitable  if  they  remain  sufficiently  tight." 


Conclusions. 

From  a  lengthy  experience  with  more  than  a  thousand  engines, 
and  from  the  unanimity  of  opinion  of  all  having  experience  of  these 
engines,  it  may  be  taken  for  granted  that  the  four-cylinder  compound 
system  possesses  marked  advantages,  at  least  under  the  conditions  of 
service  prevailing  on  main  French  lines.  Thanks  to  their  use, 
French  railways  have  been  enabled  to  increase  largely  the  weight 
and  the  speed  of  their  trains,  for  goods  as  well  as  for  passenger 
service,  without  any  large  increase  of  coal-consumption  per  kilometre 
run.  In  fact,  it  is  rather  under-estimating  the  merits  of  the  compounds 
to  say  that  by  their  use  the  weight  of  trains  is  increased  by  one-third 
with  the  same  cost  of  fuel  over  what  it  was  with  the  best  simple 
engines  used  before  ;  or,  if  not  the  weight,  speed  is  increased,  and  in 
many  cases  both  weight  and  speed. 
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In  utbir  wurJn,  the  ooui{>ouiulii  wuulJ  Uko  a  traffic  6(]ual  to  fuur, 
agaiuht  u  tratlic  o<piul  to  throe,  thu  uutnber  of  uugiue8  and  thu 
co8t  of  fiul  ttud  wage8  ruiuaiiiiug  the  auuie.  Thu  initial 
coat  of  tho  eonipounda  is  higher,  thu  oxpeuaea  for  retiaini  may 
bo  aoniowhat  gnatcr,  but  the  iuircaao  of  traffic  ia  auch  that  tho 
ocououiy  is  obvioua.  As  rvgurda  the  cost  of  ropairH,  thero  is  ittill 
tiomc  doubt  ti8  to  tht'ir  exact  amount,  aa  a  very  largu  jiroi*ortion  of 
the  couipounds  havu  been  running  for  a  few  yean  only  ;  but  it  mubt 
be  remarked  thut  the  iucreaae  of  exj>fiu>e8  will  very  likely  bo  duo  to 
the-  boilers  working  at  a  high  presbure,  and  it  KceniK  that  the  t»amu 
prt'fesurea  would  bo  necessary  fiir  simple  engines,  if  they  were  to 
compete  with  compounds. 

To  this  must  be  added,  specially  for  jiassenger  service,  tho 
advantages  of  greater  si)e©d,  of  more  punctuality,  and  of  dispensing 
in  many  cases  with  pilot  engines  or  with  supplementary  trains.  From 
a  mere  practical  |>oint  of  view  the  French  administrations  feel  satisfied 
with  the  grejit  extension  they  gave  to  the  four-cylinder  compound 
system,  from  which  resulted  economy  as  well  as  a  large  improvement 
in  their  services. 

A  complete  solution  of  the  problem  wuuld  rwiuire  a  proof 
that  the  same  results  might  not  be  obtained  in  some  other  way. 
Available  data  are  not  sufficient  to  give  such  a  proof  in  an 
indisputable  manner ;  still,  it  seems  difficult  to  build  an  ordinary 
locomotive  quite  ecjual  in  every  respect  to  the  latest  compounds. 

It  is  clear  that  simple  two-cylinder  engines  might  be  made  with 
the  same  large  boiler  and  work  with  the  same  high  pressure,  but  it 
is  nearly  as  clear  that,  with  the  ordiuary  valve-gear  of  the  locomotive, 
steam  ut  such  a  high  pressure  cannot  be  ajs  well  utilized  as  by 
compounding  ;  there  is  little  doubt  that  the  simple  locomotive  would 
rcjuire  more  steam  for  the  same  work  or  give  less  work  for  the  same 
(quantity  of  steam.  In  addition  there  is  a  real  difficulty  in  making 
all  the  parts  of  the  simple  engine  strong  enough  to  btand  without 
undue  wear  the  great  stresses  resulting  from  the  increased  pressure 
on  large  pistons,  although  this  difficulty  may  be  overcome. 

Another  plan  would  be  to  improve  the  steam  distribution  of  the 
simple  engine  by  the  use  of  systems  such  as  Duraut  and  Lieucauchez'a 
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or  BoDnefond's,  which  have  been  tried  to  some  extent  in  France. 
In  these  systems  separate  valves  are  provided  for  admission  and  for 
exhaust  on  both  sides  of  the  cylinder.  Although  these  systems  have 
been  used  for  several  years  on  a  few  locomotives,  and  seem  to  have 
produced  a  certain  economy  in  fuel,  they  remain  as  yet  exceptions, 
and  cannot  be  considered  as  a  practical  solution  of  the  locomotive 
problem.  For  locomotives,  as  for  marine  engines,  it  is  difficult  to 
find  a  substitute  for  the  simj)le  slide-valve,  flat  or  piston. 

According  to  some  German  engineers,  superheating  steam  would 
be  equal  to  compounding.  Theory  proves  that  the  efl'ect  of 
superheating  may  be  very  good,  and  the  results  of  experiments 
appear  satisfactory.  It  is  hardly  necessary  to  recall  here  the  very 
interesting  trials  of  Mr.  J.  A.  F.  Aspinall  in  that  direction.  All 
locomotive  engineers  will  watch  with  great  interest  the  progress  of 
that  system,  but  as  yet  it  may  be  considered  as  being  in  an 
experimental  stage.  It  must  be  remarked  that  superheating  does 
not  seem  to  exclude  compounding. 

Until  the  question  is  solved,  practical  men  in  France  will 
probably  keep  to  the  system  of  four-cylinder  compounds,  the  merits 
of  which  are  firmly  established.  This  of  course  does  not  exclude 
experiments  of  other  systems,  and  no  one  today  can  boast  that  he 
has  made  an  engine  which  will  long  remain  without  a  rival. 

Compound  locomotives,  like  any  other  engines,  must  be  used 
under  proper  conditions  of  service  to  be  economical.  Powerful 
locomotives  must  have  sufficiently  heavy  weights  to  haul,  or  else  they 
become  wasteful.  It  would  be  a  mistake  to  start  them  on  branch 
lines  with  light  trains.  But  in  practice  a  railway  company  is  never 
deficient  of  old  locomotives,  which  are  quite  fit  for  this  restricted 
traffic. 

An  opinion,  which  seems  to  prevail,  is  that  compound  locomotives 
may  be  economical  during  long  runs,  but  that  their  advantage  is  lost 
when  they  stop  and  start  frequently,  owing  to  the  direct  admission 
of  steam  to  the  low-pressure  cylinders  at  starting.  This  opinion  is 
rather  too  dogmatic,  and  the  question  requires  some  consideration. 
In  many  cases,  with  four-cylinder  compounds  the  tractive  power 
necessary  for   starting   from    rest    is   obtained    without   this  direct 
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ailmiRsion,  or  stouin  is  admitted  in  that  way  only  for  tlio  very  first 
revolijtiou  of  whools.  The  uiigiuu  is  then  workod  comi>ouud,  but  in 
full  gear  for  all  cyliudurs.  Of  course  steam  is  not  bu  well  utilized 
as  with  a  proj^er  degree  of  cxpansiou  in  each  cylinder,  but,  even  in 
that  crtso,  the  coinimund  cDuiparoB  favourably  with  u  sinjitle  locomotive 
working  in  full  gear. 

Let  us  suppose  a  compound  with  two  cylinders  of  340  mm  (i^l 
inches)  and  two  cylinders  of  530  mm  (20;  inches)  diameter,  the 
stroke  being  C40  mm  (25^  inches),  and  the  eflFective  pressure  in  the 
boiler  15  kg  per  cm'-  (213  lbs.  per  square  inch),  and  a  simple 
engine  with  cylinders  of  480  (19  inches)  x  640  mm  (25^  inches), 
working  under  an  effective  pressure  of  12  kg  per  cm-  070*6  lbs. 
per  square  inch).  This  represents  fairly  what  might  be  considered 
as  equivalent  in  practice.  The  diameter  of  wlieels  is  the  same  in 
both  cases.  With  a  full  admission  of  steam,  i.e.  rectangular 
diagrams,  the  work   of  steam   on  the  pistons    during  a  revolution 

would    be,    in    kilogrammetros,  4  x  1.273  ^  0*64  x  12,   for    the 

simple  engine ;  this  reduced  to  85  per  cent.,  on  account  of  drop  of 
pressure  and  rounded  corners  of  diagrams,  would  be  44,500 
kilogrammetres  (321,868  foot-pounds). 

"With  the  compound,  working  full  gear,  the  effective  pressure 
would  be  5*5  kg  per  cm-  ("3  "2  lbs.  per  square  inch)  in  the  receiver, 
and  the  work  exerted  on  the  pistons,  during  one  revolution,  would  be 

4  X  1.273  X  0-64  X  9-5  +  4  x  1.273  X  0-64  x  5-5, 
and,  after  a  reduction  to  80  per  cent,  (the  drop  of  pressure  being 
somewhat  larger  in  the  compound,  42,000  kilogrammetres  (503,786 
foot-pounds),  or  nearly  the  same  value. 

The  capacity  of  the  high-pressure  cylinder  of  the  compound  being 
one-half  of  the  capacity  of  the  cylinder  of  the  simple  engine  (48-  = 
2  X  34'-),  the  volume  of  steam  consumed  is  one-half  in  the  compound, 
but  at  a  greater  density.  The  weights  are  as  O'G  in  the  compound 
to  1  in  the  simple  engine.  This  proportion  is  altered  by  the 
condensation  of  steam  on  the  cylinder  walls,  but  this  would  be 
rather  in  favour  of  the  compound. 
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This  approximate  calculation,  not  far  from  tlie  conditions  of 
practice,  sliows  that  without  direct  admission  of  steam  to  the  low- 
pressure  cylinders,  tlie  compound  may  be  nearly  equal  to  the  simple 
locomotive  as  regards  maximum  tractive  power,  but  with  an 
important  economy  in  steam  when  full  gear  working  is  considered. 

The  Paper  is  illustrated  by  Plates  50  to  Gl  and  2  Figs,  in 
letterpress. 


Discussion  on  18th  March  1904. 

M.  Sauvage  said  he  had  littie  to  add  to  the  Paper  which 
had  been  read,  and  wished  to  apologise  for  its  great  length.  The 
French  four-cylinder  compounds,  from  the  point  of  view  of  French 
locomotive  engineers,  had  proved  very  efficient,  and  efficiency  was  the 
quality  which  was  required  for  hard  railway  service.  The  building 
of  the  compounds  in  France  might  be  divided  into  two  phases. 
In  the  first,  the  locomotives  had  been  made  more  powerful  than 
the  ordinary  locomotives  which  were  used  before,  but  the  difference 
was  not  so  very  large.  But  within  a  few  years  it  has  been  found 
that  even  the  increased  power  of  the  compound  locomotives  was  not 
sufficient,  and  that  it  was  necessary  to  take  advantage  of  the  system 
to  the  fullest  extent.  The  building  of  very  powerful  locomotives 
then  resulted,  which  might  be  divided  into  three  different  classes  : 
first,  for  express  service,  heavy  passenger  and  very  fast  trains, 
the  "  Atlantic "  type  of  engine.  He  doubted  whether  any  more 
ordinary  express  compounds  of  the  old  style,  with  a  bogie  and  only 
2-coupled  wheels,  would  be  built ;  the  Atlantic  type  was  more 
powerful  and  seemed  to  replace  that  locomotive.  The  3-coupled 
locomotive  with  the  bogie  in  front  was  also  largely  iised,  and  was  fit 
for  ordinary  passenger  traffic  and  for  goods  traffic.  By  its  use  the 
speed  of  many  goods  trains  bad  been  largely  increased  in  France, 
and,  at  the  same  time,  the  weight  was  larger  than  before. 
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Dealing  with  the  hoavy  minonil  traffic,  it  wiia  found  that  tho  oM 
^-coupled  locomotive,  which  hud  bei*n  u  littlu  loft  out  for  some  yean, 
would  still  Im  useful  if  built  with  more  jKJWor,  that  in,  with 
four  cylindors  working  (•■)m]>oun(l ;  and  in  addition  to  tho  l-coujdud 
axlos  it  had  Ix^cn  found  useful  t«>  put  tho  pony  truck  in  front. 
Thus,  the  moro  nxHlero  locomotives  on  tho  French  railways  might 
1k'  divided  into  thrro  classes — tho  Atlantic  typo,  tho  3-coupled 
loeonu»tivo,  and  tho  l-coupled  locomotive.  All  those  ha<l  a  very 
largo  lK)iler,  and  in  sonic  cast-s  the  same  boiler  was  use*!  fur  the  throo 
difl(>rent  classes  of  Ijcoraotive.  Tho  grate  area  was  over  90  scjuaro 
feet,  nearly  3-4  in  some  <»f  the  engines,  and  the  heating  surface  some 
3,500  square  feet. 

Ho  had  just  received  some  very  interesting  results  from  the 
engineer  of  tho  Paris-Orleans  Railway,  which  had  recently  put  into 
service  some  of  those  new  conipounJs.  The  results  were  shown  on 
Figs.  38  and  39  (pages  382-385) ;  in  one  case  a  train,  weighing  350 
tons,  exclusive  of  the  locomotive  and  tender,  had  \teen  taken  over 
nearly  200  miles  at  an  average  speed  of  50  miles  an  hour,  and  during 
one  part  of  the  trip,  over  a  length  of  73  miles,  the  average  speed  from 
end  to  end  was  63  miles  an  hour.  Indicator  diagrams  bad  been 
taken  and  the  effective  tr.ictive-power  measured.  It  measured,  on  an 
average,  1,200  H.P.,  and  in  some  places  1,800  H.P.  The  1,800  H.P. 
was  not  the  indicated  power,  but  the  calculated  tractive  power  of 
the  locomotive  as  exerted  by  the  wheels  on  the  rails,  and  it  was  a 
very  high  figure  indeed.  In  one  of  the  more  remarkable  instances, 
one  point  worthy  of  remark  was  that  the  water-consumption  was 
particularly  low,  indicating  that  the  steam-engine  in  itself  was 
very  good.  In  all  the  experimental  trials  tho  water-consiimptit)n 
was  as  low  on  the  average  for  a  number  of  trials  as  only  24  lbs. 
of  water  per  H.P,  per  hour.  One  lb.  of  coal  was  sufficient  for  7  •  7  lbs. 
of  water ;  and  he  wished  to  call  particular  attention  to  the  fact  that  the 
consumption  of  water  was  so  low.  Some  very  fine  indicator  diagrams 
taken  on  the  engines  were  shown  in  Figs.  38  and  39  (pages  382-385). 
To  develop  such  a  high  power,  it  was  necessary  tliat  the  steam 
consumption  per  I,H.P.  must  be  very  small,  which  was  proved 
by   the    results.      Everybody    who    had    had    experience    with    tho 
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coraponnd  locomotive  in  France — and  the  expcrionco  began  now  to 
be  a  long  one — was  entirely  satisfied  with  their  working,  and  thought 
tliat  the  four-cylinder  compound  was  an  efficient,  handy,  and  also 
economical  engine. 

The  President  rose  to  protect  the  author  from  being  overwhelmed 
by  compliments  and  thanks  from  every  subsequent  speaker.  He 
accorded  M.  Sauvage  the  Institution's  thanks  at  the  beginning  of 
the  discussion  in  order  that  he  might,  on  behalf  of  all  the  members, 
convey  to  the  author  their  appreciation  of  what  he  had  done  for 
them,  and  in  order  that  subsequent  speakers  might  go  straight  to  the 
point  in  a  perfectly  business-like  way,  knowing  that  they  were 
speaking  to  an  expert  who  knew  what  he  had  said,  and  was  not  afraid 
of  any  amount  of  discussion. 

M.  Sauvage  had  presented  a  very  big  Paper,  not  long  from  the 
strings  of  words  that  were  put  into  it,  but  big  from  the  Tables,  the 
diagrams,  and  the  beautiful  mechanical  drawings  of  details.  He 
misrht  remind  the  author  that  the  Institution  was  founded  in  1847 
])y  George  Stephenson,  and  tliat  the  Institution  was  pi*e-eminently 
typified  by  the  locomotive  engine,  which  was  the  type  of  machinery 
and  engineering  construction  put  into  motion,  engineering 
construction  that  had  life  given  to  it,  as  contra-distinguished  from 
statical  engineering,  which  was  construction  that  was  not  capable 
of  movement.  It  was,  therefore,  an  extremely  welcome  subject  to 
the  Institution,  and  he  was  sure  the  author,  if  he  looked  at  the 
number  of  the  audience,  would  receive  a  sufficient  compliment  for 
the  trouble  he  had  taken  in  coming  over  from  France  to  give  the 
Paper.  It  would  be  noticed  on  page  333  that  the  author  mentioned 
that  "  The  new  Atlantic  type  recently  built  for  tho  Paris-Orleans 
Railway  by  the  Societo  Alsacienne  de  Constructions  Mecaniques, 
Fig.  5,  Plate  .51,  is  of  special  interest  as  being  the  most  powerful 
express  locomotive  as  yet  made  for  the  French  lines."  The 
Institution  had  the  advantage  of  Mr.  de  Glehn's  i)resence,  who  was 
the  engineer  of  that  company  of  locomotive  builders,  and  he  asked 
him  to  favour  the  members  by  opening  the  discussion. 
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Mr.  Alfkcu  (i.  DS  Glkhn  (of  thu  6ocU't«  Aluscieunu  do 
Coniitructiuuii  M^oiuiquc-ii)  Miid  thiit  oh  au  KngliHLuiaii  m  |>iirmt«(l 
hj  tiiuru  UiMU  thirty  years'  rucidence  uu  thu  Coutiueut  frum  what  he 
might  Kay  wuk  tho  origiual  lioiur  uf  nuK-haiiical  fugiuicritig,  he  felt 
it  a  ^uittf  ]H>culiar  pleasure  to  U-  iiblu  to  ubHiht  fur  uuco  ut  uuc  of  the 
luiititutiuu'8  lueetiugH,  aud  ooniiidurod  it  a  great  honour  to  be  aakod 
to  say  Njiuethiiig  about  tho  four-cyliudur  cugiiie.  Uiifortuuatoly, 
M.  SaUTago  had  said  really  aluiost  all  there  was  to  bu  said,  Aud  ho 
was  afraid  that  iu  uhut  hu  \\uuld  wiish  to  say  he  would  be  repcatiug 
a  great  deal  of  what  had  been  ulrea<ly  said.  The  author  xuentioned 
tho  fact  that  there  were  1,577  coujpouud  engines  at  present  running 
in  France,  the  greater  number  being  four-cvlinder  ont-s.  Since  that 
time  more  tliau  DO  new  engines  had  been  put  into  service.  In 
addition,  on  the  Continent  outside  of  France  there  Mere  more  than 
600  four-cyliuder  engines  running  at  present,  which  gave  a  total  of 
more  than  2,000  of  buch  engines  working  on  the  Continent  at  the 
present  time.  In  England  and  on  the  Continent  engineers  had  been 
doing  their  best  to  increase  the  power  of  engines,  without  increasing 
at  the  same  rate  their  weight,  but  he  thought  that  American 
practice  had  been  different.  The  Americans  had  increased  their 
power,  but  they  had  also  enormously  increased  their  weight 
Already  signs  of  a  change  could  be  seen,  or  rather  a  wish  for  a 
change.  American  engineers  were  beginning  to  see  that  very  heavy 
engines  had  great  drawbacks,  and  attempts  had  been  made  to  get 
more  power,  by  what  the  author  called  a  more  efficient  engine 
princijially  by  using  the  steam  better;  and  there  was  no  doubt 
that  Would  lead  to  a  very  great  and  rapid  change  in  American 
practice.  It  was  always  very  dangerous  to  prophesy,  but  he  was 
jjerfectly  confident  that  it  would  be  a  change  more  in  the  direction 
of  what  was  being  done  in  Kngliind  and  or.  the  Continent  than  that 
they  should  go  in  the  direction  the  Americans  had  been  following. 

In  the  following  remarks  he  would  conliue  himself  to  the  type 
which  was  called  by  the  somewhat  cumbersome  title  of  four-cyliuder 
divided  and  balanced  compound.  It  had  also  often  been  called 
the  de  Glehn  system,  but  he  wished  to  state  plainly  that  that 
was  not  correct ;  for  though    he    had    done    something  towardji  the 
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evolution  of  the  type,  others,  and  i)aiticularly  the  Northern  of 
Franco  engineers,  had  done  as  much,  if  not  more,  than  ho  had,  and 
without  thcni  the  engine  wDuhl  never  have  been  brought  to  its  present 
stato  of  perfection.  The  engine  had  been  criticised  principally  as 
being  a  complicated  engine.  There  was  no  doubt  it  was  so,  but 
was  it  not  true  that  almost  all  progress  in  mechanics  had  been  by 
complication  ?  It  was  quite  useless  to  multiply  instances  ;  but  they 
had  only  to  think  of  the  automatic  air-brake,  which  certainly  was 
not  simple,  but  very  complicated,  and  yet  everybody  was  very  glad 
to  have  it. 

The  question  that  must  be  asked  in  introducing  any  comi)lication 
was — AVas  the  complication  justified  ?      That  was  at  the  bottom  of 
every  question  connected  with  the  compound  engine.     Its  origin  was 
as  follows :  The  engines  that  were  used  on  the  Northern  of  Franco 
I\ailway  were  powerful  express  engines  with  crank-axles,  which  were 
constantly  breaking.     The    Northern  of  France  wished  to   have  a 
stable  engine,  as  stable  as  an  inside-cylinder  engine  usually  was,  and 
did  nut  want  to  have  those  constant  breakages.     How  to  manage  that 
was  the  question.      The  proposal  he  made  was  to  divide  the  cuginc 
into  two,  and  to  make  an  inside-cylinder  and  an  outside-cylinder 
engine.     There  was  room  for  that,  and  it  was  thought  that  by  that 
means  the  breakage  of  the  crank-axles  would  be  prevented,  and  that 
had  been  the  fact.     Another  most  important  thing  was  the  question 
of   the   balancing.      It  was,   of    course,  even   with   very   powerful 
engines,  comparatively  easy,  especially  when  large  wheel  diameters 
were  used,  to  balance  properly  the  revolving  weights  ;  where  the 
difficulty  came  in  was  with  the  reciprocating  parts.     Those  had  to  be 
balanced  by  revolving  weights,  which  entailed  successive  increase 
and  decrease  of  pressure  on  the  rails.     With  very  powerful  engines 
at  great  speeds  those  variations  might  become  dangerous,  and  must 
be  kept  within  pretty  definite  limits.      The  question  was  getting  so 
serious  that  in  Germany  it  had  become   the  rule  to  specify  a  certain 
percentage  of  increase  or  decrease,  otherwise  the  balancing  of  the 
recij^rocating  jjarts  must  be  reduced.     AVith  a  too  great  reduction  in 
the  balancing  of  the  recij^rocating  jmrts,  there  was  a  risk  of  a  very 
perceptible  fore-and-aft  motion  of  the  engine  ;  the  balancing  was  not 


llAM.it   I9<M.  COMroWD    LOCOMttinir.    i>     ii.\>.  i  389 

■uffioiont.  Hut  iu  the  four-cjrliudcr  couipuuuJ,  willi  twu  tiuiiJu  auJ 
two  ouUiih    rylimln  '       of  iho  r-  irUwtroiko 

urrutigiHl  tliftt  tluy  i  :  .  iuct4  ui».  ^  Uiug  ublt 

U>  dittpt'nik)  with  revuUiug  woighUt  tu  balauco  Uiu  reoipruoitiug  {jarU, 
the  ItaUnciiig  of  tbo  roTolving  ]iartM  then  bciug  eauily  dealt  witli. 
That  wan,  hu  tliuught,  mi  iiiiiMirtant  jHiiut,  aud  becaino  muru 
iupurtiuit  witli  tbu  increiuiiug  power  rot^uirtxl  iu  eugiuea,  tlie  wLool 
diauiot«n)  rcuuduiiig  about  tbo  aame  ait  bcfort*.  Tbia  iujroTed  atato 
of  thiuga  waa  uaeful  iu  auotbcr  wny,  for  tbo  ateadiueaii  of  tbe  preaauru 
ou  tbu  rails  meaut  leaa  alip.  Tliurc  wore  oreu  rcaaoujK  for  tbiukiug 
that  iu  ordinary  eugiuoa  tboro  waa  a  fretjueut,  if  uot  cuutiuuouii, 
Buiall  Blipping,  tlic  uumber  of  rcvolutioua  uot  ulwajH  eurroapoudiug 
to  tbo  distauco  truveri>od.  Aaat  tbo  aametimo  tbo  four-c-yIiuderacU.d 
u)>on  four  crauks  at  'JU  ,  mucb  moro  uuiform  turuiug  momout  wan 
obtaiued,  tbus  approacbiug  tbe  motor  drire  of  electric  locouiotivea 
or  cars. 

lioferriug  to  tbo  division  of  tbe  total  work  ovi-r  au  iucrciu»c-d 
uumber  of  jtarts,  tbero  wua,  iu  fact,  au  intude-cyliuder  ougiuo  aud  au 
outtiido-cyliuder  eugiuo  vtLch  doiug  bulf  tbu  work.  For  cacb  tbero 
WOK  a8  mutb  room  ai>  there  wua  iu  au  outaide  or  iu^ide-cyliuder 
eugiuo  bttviug  all  the  work  to  do,  and  for  each  half  couUl  be  giveu 
the  same  leugtb  of  boariugs  aa  for  tbe  aimple  eugiuo,  reduciug  the 
diumeterh  ]irt>jK»rtiuutttely. 

With  regard  to  the  vulve-gear,  there  was  tbe  same  divihiou,  aud 
it  was  tbe  utility  of  that  arraugemeut  which  bad  beeu  the  most 
questioned.  If  one  bad  a  valve  that  was  tight,  aud  would  keep 
really  tight,  and  would  with  ordinary  care  remain  balaucoil,  that 
was  cullap8ible  or  would  lift  so  as  to  do  away  with  the  ueed  for 
relief  valves,  and,  lastly,  that  would  let  tbe  bteam  iu  and  out  of  tbe 
cylinder  as  freely  and  with  as  little  chauj^e  of  section  and  direction 
as  an  ordinary  iJ  valve,  then  ptrbaps  the  only  justification  of  the 
four  guars  and  two  reversing-shafts  would  be  tbe  puasibility  it 
afforded  of  adjuKting  the  relative  cut-offs  iu  the  high-  aud  low- 
pressure  cylinders  with  a  great  degree  of  nicety  to  the  varying 
running  conditions.  That  was  uo  small  advantage,  for  it  was 
extraordinary  bow  bcusitivea  four-cylinder  engine  was  in  that  respect. 
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Maucii  1001. 


Fia.  40. 

General  arrangement  of  Cylinders  and  Starting  Valve. 

Eiglit-conpled  10-wbceled  Locomotive  Eastern  and  Soiitbern  of  Franco 

Kail  way. 
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To  wiirk  to  thf  Im -^t  iidTiintu^c,  raiiniti^  up  a  li*nk,  the  host 
AdjuKtiut'iit  wuuM  hv  Kuy  u  cut  o(T  of  !)5  |>or  cent,  in  the  hi^h  miil 
G5  per  oout  Id  the  luw-pruiuiuro  cyliiitlcni;  running  down  thu  bunk 
or  ou  tho  loTul  thoy  shouhl  notch  back  tu  15  per  cent,  iu  tlio  high- 
anJ  G5  j>or  cent,  in  tho  hnv-proKHurti  cyliiulers  iih  before.  An, 
howoTor,  in  Bpito  of  it^  defects,  ho  ntill  thought  that  tho  D  tuIvo 
was,  in  nmny  rtBi>ect«,  tho  best  valvo  they  had  at  preiicnt  fur 
liK'otnotivtw,  thu  (liniculty  of  moving  and  hihricuting  tliom  in  ouginefl 
with  a  hi<^h  proKKure  was  much  reduced  iu  the  four-cylinder  comi>ound8, 
as  tho  liigh-j>re6surf  vulvea  were,  of  course,  partially  relieved  by  the 
reoeirer  pressure.  With  tho  low-pressure  valves  of  course  there 
was  no  difllculty.  In  some  very  recent  and  very  jxiwerful 
continental  four-cylinder  engines,  when  all  four  valves — two  piston- 
valves  for  the  high-pressuro  cylinders  and  two  D  valves  for  the  low, 
all  driven  by  two  links — were  used,  there  had  been  very  considerable 
trouble  witli  tho  links  and  motion  work.  lie  need  hardly  say 
anything  as  to  the  rapid  starting  possible  with  these  engines,  that 
being  duo  to  tho  four  cranks  and  the  intercepting  valve,  which 
allowed  the  high-pressure  cylinders  to  exhaust  direct  to  the  chimney, 
while  live  steftm  at  reduced  pressure  was  admitted  to  the  low-prof^suro 
cylinder. 

Eaey  and  rapid  starting  were  becoming  of  extreme  importance 
for  suburban  traffic.  He  had  just  built  some  new  engines  for  one 
of  tho  circular  lines  round  Paris,  eight- coupled  engines,  with  a  bogie 
and  four  cylinders,  in  which  tho  starting  was  extremely  remarkable. 
Tho  Eastern  of  France  Railway  had  been  making  some  experiments 
by  working  suburban  traffic  alternately  with  an  ordinary  engine 
with  six-coupled  wheels  and  48  tons  adhesive  weight,  and,  after 
the  times  had  been  noted  on  those  trains,  with  ono  of  the  six-coupled 
four-cylinder  engines  which  the  author  had  describe«1,  with  exactly 
the  same  adhesive  weights.  On  a  journey  of  oO  or  CO  minutes,  some 
10  minutes  had  been  gained  by  the  increatied  rapidity  of  starting 
of  the  four-cylinder  compound. 

The  author  had  alluded  already  to  the   lost  point  he  (Mr.  do 
Glehu)  wished  to  insist  upon,  namely,  that  for  high-«peed  engines 
great  importance  had  to  bo  attached  to  the  arrangement  of  the  steam 
(CoutiHU4!d  on  }xi(jf  3'J8.) 

2  K  2 
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March  JOOt. 


"  Atlantic  "  and  six-coupled  ten-wlieclcd  Locomotives  for  the 
Paris-Orleans  Bailway. 

Stoam  Distribution,  H.P.  Cylinders. 

Fig.  41. 


High-Pressure  Slide-  Valve. 
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Throw  of  Eccentric  . 
Keying  Angle  ' . 
Outside-lap 
Negative  inside  lap  . 
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MAiicii  I'JOl. 


"  Atlantic  ''  and  slx-couplcd  icn-iohceled  Locomoticoi  for  tic 
Paris-Orleans  liaihoay. 

Steam  Distribution,  L.P.  Cylinders. 

Fig.  42. 


Loiv-Prcssiire  Slide-  Valve. 
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and  oxliaust  pipes  ami  tboir  dimensions,  in  orilcr  that  the  steam 
miglit  puss  from  the  regulator  to  the  liigh-prcssuro  cylinders,  and 
thence  to  the  low-pressure  cylinders,  and  ultimately  to  the  chimney 
with  as  direct  a  flow  and  as  few  changes  of  section  as  possible. 
In  most  of  tliese  engines  the  exhaust  left  tlie  high-pressure  cylinder 
at  the  fri)nt  end  of  the  piston-valve,  and  was  conveyed  in  a  straight 
pipe  about  5  inches  diameter  and  3  feet  long  outside  tlie  frames 
forward  to  the  hind  end  of  the  low-i)ressure  piston-valve.  It  was  very 
noticeable  in  some  engines,  where  it  had  been  difficult  to  make  the 
same  arrangement,  in  eight-coupled  engines  where  the  four  cylinders 
were  side  by  side.  Fig.  40  (page  392),  that  one  did  not  get  so  direct  a 
flow,  and  there  was  a  distinct  change  in  the  diagrams.  In  conclusion 
he  might  add  that  in  a  conversation  on  the  previous  day  Avith  M.  du 
Bousquet,  that  eminent  engineer  told  him  that  with  their  "  Atlantic  " 
engines  they  had  repeatedly,  with  300  tons  behind  the  tender,  run 
30  consecutive  miles  at  a  regularly  maintained  speed  of  75  miles 
per  hour. 

Table  20  (pages  300-391)  gave  the  leading  dimensions  of  various 
tyjKs  of  locomotives  in  France  ;  and  Figs.  41  and  4.'2  (i)ages  o9-l-o97) 
showed  the  steam  distribution  and  slide-valves  of  the  H.P.  and  L.l'. 
cylinders  of  the  "  Atlantic"  and  six-coupled  ten-wheeled  locomotives 
for  the  Paris-Orleans  Eailway. 

Mr.  John  F.  Eobinson,  Member  of  Council,  said  he  had  been 
particularly  interested  with  the  diagrams,  some  of  the  figures  given 
being  most  remarkable.  One  extraordinary  result  which  it  Avould 
be  hard  to  beat  in  this  country  was  the  case  of  an  engine  with 
350  tons,  or  thereabouts,  behind  the  tender,  which  made  an  average 
Bi)ecdof58'8  miles  an  hour,  including  stops.  With  regard  to  the 
engine  itself,  whatever  ideas  engineers  might  have  had  in  the  early 
stages  of  four-cylinder  compounds,  he  thought  when  they  saw  the 
figures  on  page  328  stating  the  number  which  had  been  produced  in 
France  and  which  were  being  used  also  in  other  countries  on  the 
Continent,  there  could  be  no  doubt  that  the  engines  had  come  to  stay, 
the  result  of  the  figures  quite  justifying  that  statement.  There  was 
one  tiling  which   had   struck    him  forcibly,  namely,  that  engineers 
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to  be  qnito  r««tihiit^i  m  1-  mnco  with  a  wheel  6  feet  (i^  inchiii 
(9  mitrw)  iu  iliaiueUr  fur  thu  fX|irtw>M  work,  whtn-iui  iu  thiji  cuuutry 
a  greftt  many  on^inourM  had  uuthiu{^  under  7  ftM-t,  aud  iu  »oiuo 
iMlanow  higher,  fur  Uiu  rt-uUy  hi^'h  hikamI  work. 

With  regani  to  tho  two  lur^u  Parii>  OrKauH  "  Athuitic  "  eugiuc«, 
the  dwtiguti  of  which  werv  girou  iu  Table  2  ( pagu  333  ),  the  grate  ana 
there  girou  wan  33 J  atiuare  foet  Acoordiug  to  the  phutograph  uf 
the  engine  shown,  thu  fire-bux  was  bctweeu  thc>  frauieti,  aud  the 
frames  there  could  not  l>c  much  moru  than  4  feet  1  iuch  apurt, 
which  meaut  that  thu  intiido  width  of  the  fire-box  could  not  be  much 
oTir  3  feet  G  inclicK.  It  aoemed  to  him,  if  tliat  was  so,  the  iunidc 
iiieai»ure!ucnt  of  the  fire-box  mu8t  be  'J  fuet  loug.  He  would  like  to 
ui>k  thu  author  if  ho  had  had  any  difficulty  in  firing  with  such  an 
cuormously  long  box,  because  it  was  no  easy  matter  to  fire  a  grato 
I'  feet  long,  even  if  it  wa>i  stAudiug  still,  but,  of  course,  if  the  eugiuo 
>va8  travelling  at  7U  mileti  an  hour  it  was  a  great  deal  worse. 

There  was  another  point  on  which  he  would  like  some  information. 
The  tubes  were  now  getting  to  very  great  lengths,  14  feet  1  inch  in 
•  •ne  case  and  14  feet  j  inches  in  another.  lie  believed  in  all  cases 
ihey  were  Serve  tubes.  He  would  like  to  ask  if  any  difliculty  had 
been  found  in  keeping  the  tubes  tight,  because  it  had  been  found  in 
this  country  that,  when  enormously  long  tubes  were  use^l,  there  was 
a  goo<l  deal  more  bother  in  keeping  them  tight  than  the  shorter  ones. 
Kugiueers  in  this  country  did  not  use  Servo  tubes,  and  almost  always 
use<l  cop{>er  and  brass  tubes,  although  some  j>eople  preferred  steel 
and  iron.  lie  uuticoil  (  page  374j  a  reference  to  the  difticulty  which 
had  been  ox)>erienced  with  copper  stays  when  dealing  with  high 
pressures  and  high  tem]»eratures.  The  same  difficulty  had  lieen 
found  in  this  country.  He  was  glad  to  see  that  the  use  of  manganese 
l>ron;^  had  been  satisfactory  in  meeting  the  case  as  far  as  stays  were 
concerned.  The  Paper  stated  that  so  far  no  satisfactory  material 
hiul  been  made  for  tubular  ]ilates,  and  he  was  curious  to  know  if  any 
manganese  bronze  plutes  had  been  tried,  and  if  so  with  what  results. 
Lastly,  he  desired  to  congratulate  the  author  on  the  very  fine  engine 
shown  on  Fig.  3,  Plate  50,  the  Eastern  six-coupled  compound,  lie 
thought  it  was  one  of  the  handsomest  engines  cf  the  type  he  had 
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ever  seeu.  He  heartily  cougrutulatod  the  author  ou  his  production. 
The  author  had  exhibited  a  working  model  of  the  engine,*  vvliich 
showed  vei'y  completely  the  way  in  which  the  engine  worked,  and 
especially  the  balancing,  which  the  author  had  so  well  explained, 
and  which,  to  his  mind,  was  one  of  the  most  important  features  of 
that  tyjje  of  engine. 

Mr.  G.  J.  CuuRCiiwARD,  Locomotive  Superintendent  of  the  Groat 
Western  Railway,  wished  most  heartily  to  congratulate  the  author, 
Mr.  de  Glehn,  and  the  other  engineers  in  France  who  had  put  so 
much  work  and  ability  into  the  perfecting  of  the  compound 
locomotive.  There  was  no  doubt  in  his  own  mind,  and  probably 
none  also  in  those  of  the  members  present,  that  the  compound 
locomotive  had  been  developed  to  a  point  of  greater  perfection  in 
France  than  in  any  other  country  in  the  world.  It  was  his  strong 
opinion  to  that  effect  which  induced  him  to  advise  the  Great  Western 
Eailway  Directors  to  purchase  one  of  those  locomotives  for  experiment. 
A  large  number  of  so-called  trials  or  tests  between  simple  and 
Compound  locomotives  had  been  made  all  over  the  world,  but  in  his 
judgment  no  really  fair  and  square  tests  between  the  advantages  of 
comi)ound  and  simple  cylinder  engines  had  ever  been  made.  It 
would  be  found  that  some  of  the  earliest  tests  between  compound 
and  simple  locomotives  which  were  made  in  this  country  were  made 
between  a  compound  engine,  on  the  one  hand,  having  200  lbs.  to  the 
sf[uare  inch  in  the  boiler,  and  a  simple  engine  having  175  lbs.  jjcr 
square  inch.  Quite  naturally,  the  compound  engine  had  the  best  of 
it,  and  that  settled  the  point  for  the  time.  He  was  sorry  to  say 
that  even  in  America  that  opinion  still  obtained  to  some  extent,  and  in 
France  also  it  had  been  the  same.  He  would  no  doubt  be  told  that 
the  high  pressures  were  used  in  the  compound  in  the  belief  that  it 
was  impossible  by  any  known  valve-gear  to  use  the  same  high 
pressures  to  advantage  iu  a  simple  cylinder.  He  had  thought  that 
that  had  yet  to  be  jH-oved,  and  had  had  the  courage  to  fit  a  simple 
engine   with  18-inch  by  yO-inch   cylinders,  with  a  boiler  carrying 


*  Kindly  lent  by  the  Board  of  Education,  South  Kensington. 
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_J„'  lUb.  tu  llio  ikjuart'  inch.  Ho  liiul  il«)uo  that  with  the  delibermtu 
iJuA  uf  fiudiug  whcthur  KUch  iuijiritTtiiuutji  could  be  uuulo  in  teIto- 
.'t«r,  AUil  oouco(}Uuut  •Umuu  diiitributiuu,  m  to  ouablo  the  iuuj)>1c 
( ylinder  tu  um)  itt4.«m  of  that  iirutuiuro  an  ufliciuutlj  aM  the  cumiMjund 
i<U(;iiie.  With  iliu  furtlmr  viuw  to  make  Bure  that  the  te«U  ai» 
l>otw°u(<M  a  Kimplti  and  oumpuund  uugiue  ahould  be  on  quite  v<{ual 
toruiH,  he  had  managed  to  arrange  that  the  {luwer— at  any  rate  the 
]>owent  at  high  8i>oetht  such  a«  were  now  uiied  fur  paaacuger 
traiu8— of  the  com{>uund  wait  practically  identical  with  the  power 
of  the  simple.  It  had  been  arranged  tbat  utjual  power  ahould 
U-  given  on  the  boiiiii  of  a  cut-off  of  the  com])ound  engine,  an 
ncoiuuiended  by  Mr.  do  (jlehn,  of  .j5  and  C5  in  the  high  and  low 
}irti($i»ure  rtK{»ectivelj,  and  a  cut-off  of  something  between  2U  and  25 
]>cr  cent,  in  the  himple  cylinders.  It  would  Beem  no  doubt  ambitious 
to  expect  such  {>ower  as  was  developed  at  55  and  05  by  the  comj»ouud 
locomotive  out  of  a  cylinder  in  a  simple  engine  cutting  off  at  20  to 
-5  per  cent ;  but  he  was  pleased  to  say  that  with  the  assistance  of  an 
cfliciont  stafl',  a  good  deal  of  very  hard  work,  and  a  determination 
to  see  what  was  jiossible  to  be  done  with  the  vulvt-gttti,  he 
believed  such  improvements  had  been  made  in  the  steam  distribution 
that  a  satisfactory  result  could  be  ensured  from  as  liigh  a  cut-off  as 
15  to  20  per  cent.  In  a  test  which  had  been  made  of  the  18-inch  by 
'0-iuch  stroke  cylinders,  of  which  he  had  been  speaking,  they  had 
obtained,  at  70  miles  an  hour,  a  draw-bar  pull  of  2  tons  behind  the 
tender.  Upon  a  test  which  had  recently  been  made  with  Mr.  de 
(ilehn's  engine,  "  La  France,"  that  had  also  obtained  a  draw-bar  pull 
of  2  tons  at  70  miles  an  hour.  The  cut-off  in  the  case  of  a  comj>ouud 
eij;.Mne  was  as  advised,  55  and  C5  ;  and  the  cut-off  in  the  simjde 
(.'Ugiue  was  25.  The  pressure  used  in  the  simple  engine  was  only 
-00  lbs.  to  tbe  s<|uare  inch,  so  that  in  the  simple  engine  carrying 
225  lbs.  to  the  square  inch  he  thought  it  was  legitimate  to  expect 
that  the  2  tons  at  75  miles  an  hour  would  be  obtained  \nth  a  rather 
higher  cut-off  than  25  per  cent.  The  question  which  would 
immediately  occur  to  all  engineers  was,  what  was  the  amount  of 
steam  used  in  the  cylinders  respectively  on  the  two  engines  to  give 
the  ]mll  of  2  tons  at  70  milts  an  hi>ur  ?     TLe  theoretical  amuunt  of 
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steam  in  the  18-incli  by  30-incli  cyliudcr  witli  25  per  cent,  cut-off 
was  practically  identical  witli  that  which  there  was  in  the  high- 
pressure  cylinders  of  the  compound  locomotive  at  the  55  cut-off ;  so 
that,  if  those  figures  were  appreciated,  engineers  would  no  doubt 
understand  that  ho  had  on  foot,  at  any  rate,  means  for  a  more  equal 
trial  between  a  compoi^nd  and  simple  locomotive  than  had  over 
been  made  before.  Ho  would  not  like  any  one  to  take  anything  he 
was  saying  as  to  the  results  of  trials  between  the  French  compouiul 
locomotive  "  La  France  "  and  engines  on  the  Great  Western  as  final 
or  definite,  becaiiso  it  would  be  obvious  to  any  who  had  practical 
experience  in  the  running  of  locomotives  that  for  so  short  a  space  of 
time,  and  with  so  little  mileage  as  they  had  been  able  to  do  with  the 
engines,  it  was  fruitless  to  give  any  definite  opinion  upon  results.  He 
was  endeavouring  in  what  he  was  saying  to  give  no  definite  opinion 
as  to  the  accomplished  results. 

The  first  question  that  would  occur  to  an  engineer's  mind  would 
bo  the  relative  coal-consumption.  When  one  knew  the  various 
factors  which  went  to  make  uj)  high  and  low  coal-consumption,  one 
realised  that  nothing  short  of  a  12-months'  average  was  of  any  use 
in  comparing  the  coal-consumption  of  one  engine  with  another,  and 
he  did  not  propose  to  give  anything  of  the  kind.  He  would  like  to 
take  the  ojiportunity,  as  both  Mr.  de  Glehu  and  M.  Sauvage  were 
present,  to  say  that  "  La  France  "  had  been  doing  very  first-class 
work  indeed  on  the  Great  Western  Eailvvay.  She  had  given  every 
satisfaction,  and  had  entirely  fulfilled  his  expectations  ;  the  work 
she  had  been  doing  on  some  of  the  fastest  trains  was  really  very  fine, 
and  he  thought  had  not  been  equalled  by  any  of  what  he  might 
perhaps  be  permitted  to  term  the  old-fashioned  simple  engine.  Those 
present  who  had  studied  the  actual  draw-bar  records,  which  to  his 
mind  was  the  only  record  that  was  worth  talking  about  in  regard  to  a 
locomotive,  knew  that  a  steady  pull  on  the  draw-bar  at  the  back  of 
the  tender  of  2  tons  at  70  miles  an  hour  on  a  6-foot  6-inch  wheel, 
took,  if  he  might  use  a  colloquialism,  a  great  deal  of  getting,  and 
when  they  had  it,  it  took  a  good  deal  of  keeping  up.  But  it  was 
fair  to  say  that  the  Great  Western  had  two  or  three  engines  running 
today  that  would  do  that,  and  "  La  France"  was  one  of  them. 
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A  (^riMit  <tu»I  liiwl  l>con  ftaid,  and  cumpansons  ha<l  been  mado  upuii 
wlitit  liail  l»cH-n  Kiiul,  liN  to  the  weight  of  truiii  which  a  particular 
vugiiio  wuiild  dniw  in  u  ctirtaiu  time  botwcou  twu  jKiiuta  which  were 
8o  far  a])tirt.  Kroin  hiH  oxporiuiice  ho  wihlied  to  caution  auyuue 
from  laying  too  much  KtruSM  oa  8uch  a  compuriKun.  A  IJOO-tou  train 
might,  for  example,  bo  a  train  of  8  or  'J  bogio  carriagoM :  it  waji 
about  that  on  some  lines ;  whilo  in  another  caau  a  300-ton  train 
might  bo  one  of  about  Hi  bogie  carriagoK,  which  was  about  what  it 
\va8  on  the  (irout  Western.  It  was  obviouK  that  in  a  wind,  or  round 
curves,  and  on  almost  any  piece  of  line  there  was  in  the  country,  the 
traction  reijuiretl  for  a  train  of  13  bogio  coaches  was  very  differout 
from  that  re«juired  for  K  or  'J  coaches,  so  that  such  figures  were 
really  no  guide  in  comparing  the  performance  of  locomotives.  It 
was  not  possible,  even  to  the  greatest  expert,  to  compare  locomotives 
unless  he  happened  to  be  riding  in  a  dynamometer  car  at  the  back  of 
the  engine  at  the  time ;  so  that  iu  any  results  which  they  were 
striving  to  get  between  the  various  engines  they  had  under 
observation,  they  were  basing  the  whole  of  their  calculations  upon 
observations  made  iu  a  dynamometer  car. 

The  force  of  what  Mr.  do  Glehu  said  on  the  division  of  the  engine 
was,  he  thought,  very  great  He  was  not  sure  that  at  present  they 
had  arrived  at  the  limit  of  weight  at  which  they  luust  divide  the 
engine,  but  ho  felt  sure  with  Mr.  de  Glehn  that  if  they  ha^l  not 
arrived  at  it  now,  they  would  soon  do  so  if  the  engine  grew  much 
bigger.  The  Americans  had  undoubtedly  arrived  at  the  point  when 
they  must  divide  the  engine,  and  he  hoped  the  success  of  Mr.  de 
Glehn's  engine,  which  was  going  over  there  to  the  St  Louis 
Exhibition,  would  result  in  the  whole  subject  being  enquired  into 
by  American  engineers,  in  much  the  same  way  as  he  believed  it  was 
being  done  today  in  this  country. 

There  was  one  defect  about  the  compound  engine  which  gave 
him,  he  thought,  more  disappointment  than  any  other,  namely,  that 
it  did  not  get  over  boiler  troubles.  As  a  man  having  the  care  of  a 
gre^it  many  engines,  he  did  not  mind  much  what  the  engine  did  :  ho 
could  always  look  after  the  engine  ;  it  was  the  boiler  that  trouble<l 
him.     In  the  compound  engine  one  felt   that   he  must  use  a  high 
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pressure  ;  be  was  not  qui  to  sure  that  that  was  necessary,  but  at  any 
rate  it  was  universal  uji   to   the  present ;  and  whilst  they  were  still 
obliged  to  use  such  a  pressure  as   225  lbs.  to  the  sf[uare  inch,  be 
believed   that   the   progress   of  the   compound   principle  would  be 
chocked  vory  largely  among  locomotive  engineers  who  feared  trouble 
with  the  boilers.     Tlie  -Great  Western  were  facing  the  trouble,  and 
liad  a  lai'go  number   of  boilers   running  today  at  200  lbs.  to  the 
square  inch  ;  and  in  some  cases,  at  any  rate,  there  was  evidence  tliat 
the  increase  of  trouble  with  the  higher  pressure  was  not  quite  so 
much  greater  than  they  had  been  led  to  expect.   But  still  there  it  was, 
and  it  was  impossible  to  get  rid  of  it.     The  fact  had  been  mentioned 
frequently  that  the  divided  engine  and  four  cylinders  gave  a  more 
equal  torque  on  the  sliafts.      He  might  be  very   dense,  but  lie  had 
been  unable  to  realise  that  up  to  the  present.     If  there  were  two 
cylinders  exactly  opposite  one  another  at  180^,  and  the  same  steam 
distribution  was  used  as  with  one,  he  hardly  saw  how  the  torque 
on   the   shaft    could    be    otherwise    than    the  same   in   each   case. 
He  would  conclude  by  saying  that  he  thought  some  of  the  advocates 
of  compounding  had  perhaps  laid  too  much  stress  on  the  fact  that 
the  same  power  could  not   be   got   at  high  speed   out  of  a  simple 
locomotive  without  using  excessively  large  cylinders.      The  Great 
Western  had  already  gone  far  enough  to  prove  that  one  could  get 
the  necessary  power  without  going  beyond  an  18-inch  cylindci-,  and 
whilst  the  cylinder  diameter  was  restricted  to  18  inches,  the  stresses 
were  really  no  greater  on  the  big   end  and  on  the  shaft  than  the 
dimensions  they  were  able  to  provide  would  meet. 

Mr.  W.  M.  Smith  thought  it  was  highly  interesting  to  know  wliat 
had  been  done  by  locomotive  engineers  in  France.  He  felt  indebted 
to  tlie  author  for  the  valuable  information  given  in  connection  with 
the  work  done  by  compound  locomotives  across  the  Channel.  His 
personal  experience  with  compound  locomotives  dated  back  about 
eighteen  years.  On  a  future  occasion  he  might  have  something  to  say 
about  comjiound  locomotive  engines  in  England.  The  author  stated  in 
his  concluding  remarks  on  page  378 :  "  Compound  locomotives  or  any 
other  engiijies  must  be  used  under  proper  conditions  of  service  to  be 
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<«c<iU(>inirul.  rowcrful  locttituttivcK  iiiUht  liavr  Mitliiii  ntlylitwvj  w<  i;.')itit 
to  liAul,  or  cliit*  thvy  Ixvoiiu'  wilkI*  ful."  I  If  uf^rccd  that  Umt  wtm  tliu 
gonoml  rulo  ;  \w  had  alwayii  lit  Id  that,  juMt  lut  Uiera  iruro  exocptiuun 
to  oTory  rulo,  tn)  it  wam  ptNutililo  t^t  havo  cutupound  I«>ouraotiv(5«  tliat 
would  work  li^ht  or  lunivy  trainit  at  an  cooncinucal  ooal-ootiiiuniption. 
By  Uu>  oourt«-Ky  «'f  Sir.  S.  W.  .Tohuit4tn  li«<  «uk  enuliled  U>  giv« 
intorostiug  particularn  and  dia^irams  of  tlio  working  of  a  htiht  train 
by  one  of  tlio  Midhmd  llailwuy  P4iin|>ound  rnginoH,  No.  liG31, 
Fig.  43  ((>agoK  lOG  and  107);  the  train  huuliHl  wrighcHl  272  tonii, 
the  ooal-consnmption  being  23-3  lbs.  per  mile,  which  wurk(«<l  out 
at  0*0856  lb.  per  ton-miIt>,  and  gare  a  couBuiuptiou  of  2*16  lb«. 
p<^r  I.n.P.  per  hour.  Those  fifjures  wtro  oxceittionally  go<Kl.  u»  the 
ordinary  average  of  a  ftniall  simple  engine  would  not,  uh  u  rule,  bo 
less  than  3  lbs.  of  eual  ]»er  I.H.P.  per  hour.*  Statements  without 
Iteing  substnntiat^'d  by  facts  were  niislciulin^.  It  was  coiunion 
practice  for  locomotive  engines  to  pull  trains  weighing  465  tons 
in  one  direction,  and  on  the  return  journey  to  work  trains  weighing 
272  tons,  engine  and  tender  included.  He  had  designed  a  fuur- 
cylinder  oonipound  locomotive,  the  system  and  arrangement  of 
the  compounding  being  on  the  same  principle  u.s  tlmt  employed  in 
the  engines  of  his  three-cylinder  system,  the  main  difference  being 
that  four  cylinders  were  used  in  the  place  of  three.  The  distributing 
valves  in  the  cnee  of  the  four-cylinder  engines  might  be  driven  by 
alternative  arrangement  of  valve-gear,  one  of  which  was  a  nKnlification 
of  the  Stephenson  principle,  and  the  other  a  modification  of  the 
Walschaerts  principle. 

Mr.  Vaughan  Pekdbed  said  that  as  ho  wm  not  a  locomotive  man 
it  was  not  his  intention  to  occupy  much  of  the  time  of  the  meeting. 
Ho  wished  that  more  locttmotive  engineers  luul  been  present  t>>  hear 
the  Paper.  His  }>articular  object  in  speaking  was  for  the  pur]X)SO 
of  asking  questions.  Ho  wished  to  know  liow  far  the  external 
characteristics  of  ktcomotives  affected  their  performance.  It  had  so 
chancod  that  during  the  last  eight  or  ten  years  he  had  very  carefully 
watched  the  performances  of  locomotives  of  this  country  and  abroail, 
{^Conlinufd  oil  pagt  408.) 

*  Pn>o«edi]i;.«  16M,  P«rt  4.  pagv  (.'il. 
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aud  if  Mr.  ilc  Glebu  would  permit  him  to  say  so  without  oiTcucc,  he 
had  secii  with  considerable  distaste  and  dislike  that  English  engines 
had  been  apparently  beaten  by  French  engines.  He  did  not  suppose 
any  locomotive  performance  had  ever  been  accomplished  in  England 
equal  to  what  had  been  done  with  compound  engines  on  the  Northern 
Railway  of  France,  according  to  the  Paper  which  they  had  just 
heard.  It  had  been  simply  superb.  A  good  deal  had  been  heard 
during  the  discussion  of  the  four-cylinder  compound,  and  about  what  it 
could  do.  The  four-cylinder  compound  had  been  used  in  this  country 
for  a  long  time,  but  it  had  not  accomplished  what  had  been  done  iu 
France.  He  did  not  know  whether  a  representative  of  the  London 
and  North  Western  Raihvay  was  present,  but  he  thought  that  company 
had  carried  the  art  of  piloting,  even  with  four-cylinder  engines,  to 
perfection.  On  one  occasion  Mr.  Webb,  at  the  Institution  of  Civil 
Engineers,  was  twitted  with  the  fact  that  so  much  piloting  was  done 
on  his  railway,  but  he  replied  that  it  was  not  his  fault,  but  that  of 
the  Traffic  Manager,  who  insisted  upon  it.  Even  with  the  piloting, 
the  four-cylinder  compounds  were  not  keeping  time  ;  perhaps  the  time 
was  too  small,  and  it  was  not  the  fault  of  the  engines.  But  when 
one  examined  into  the  general  results  of  the  work,  there  must  be 
some  latent  reason  why  it  was  that  some  locomotives  did  so  much 
better  than  other  locomotives  did. 

One  of  the  first  jDoints  that  occurred  to  him  in  connection  with 
the  French  performance  was  that  possibly  the  resistance  which  the 
engines  had  to  overcome  was  less  than  it  was  on  the  English  lines. 
He  remembered  asking  Mr.  "Whaley,  who  was  at  the  time  district 
locomotive  superintendent  of  the  Western  Eailway  of  France,  some 
questions  in  regard  to  that  matter,  and  he  told  him  it  was  found 
necesfary  that  the  springs  on  the  French  locomotives  and  coaches 
should  Lave  about  twice  the  range  they  had  in  this  country.  Was  it 
a  fact  that  the  absolute  train- resistance  was  less  in  France  than 
it  was  in  this  country  as  a  result  of  the  clastic  springing?  That 
was  one  point  on  which  he  wished  to  have  some  information. 

He  thought  it  might  generally  be  assumed  that  there  was  a 
certain  speed  for  a  locomotive  at  which  the  engine  could  be  run  at 
which  there  would  be  no  pull   at   all ;    she   would   run   until    she 
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ouulil  du  uo  furthur  itulling.  llu  had  rocuired  a  Ivttvr  fruiu  Mr.  Ivutt 
uf  tho  CiM'ttt  Xortliern  KnilvMiy  <>ii  thut  jmrticular  Kulijecl  «  bhurt 
time  ago,  in  which  ho  hUUhI  that  thu  tlrivera  wi-ru  thu  lucii  whu 
practically  kue\T  luuttt  abuut  what  the  uugiiies  ouuld  du.  If  a  driver 
had  to  taku  a  train  up  to  50  miles  au  hour,  hu  liked  the  Miuall- 
whccled  eugiuo,  but  hh  kouu  aa  ho  had  to  go  abuYO  50  mile«  au  hour 
ho  liked  tho  lurgo-whooled  uugiuo.  That  weut  to  uhow  that  tho 
resistaQOd  of  tho  ougiuo  itself  played  a  very  iuipurtaut  |iart.  lu 
speaking  receutly  to  Mr.  Anpiimll  on  thut  very  Kuhject,  thut 
gentleman  said  thut  the  graud  iuipiuveiueut  which  hud  tu  be  eirect4.d 
in  the  locomotiTe  nas  to  make  such  au  arraugemeut  that  the  oudi> 
uf  the  cylinders  could  be  taken  clean  out  at  each  stroke,  us  to  free 
tho  iihaust.  Every  eugiueer  kuew  thut  the  difliculty  was  not  in 
gcttiug  the  bteum  iuto  the  i-yliuders,  but  in  getting  tho  bteam  out  of 
the  cylinders.  If  then  it  could  be  shown  that  there  was  some 
l>articular  sjx-ed  ut  which  puiticulur  tyi>e8  of  locomotives  ran  till 
they  had  pructicuUy  no  pull  on  tho  draw-bar,  ho  thought  it  was 
highly  doeirable  tliat  they  should  get,  what  might  be  called,  tho 
internal  rcbibtance  of  the  locomotive  not  regarded  as  a  vehicle. 
Regarding  the  locomotive  us  a  vehicle,  if  the  cylinder-cocks  woie 
opened  it  would  be  found  thut  one  locomotive  could  haul  thrto 
locomotives  by  itself  as  a  train  with  about  the  same  ease  as  a  loaded  train 
of  the  same  weight  ;  but  that  wus  not  the  point.  What  they  wanted 
to  arrive  ut  was,  what  was  the  actual  internal  rc^ibtuuco  of  different 
types  of  locomotive  with  steam  in  the  cylinders.  He  had  been 
writing  to  friends  all  over  the  country  in  the  endeuvoor  to  find  out 
if  any  engineer  had  ever  taken  diagrams  from  a  locomotive  running 
light  ut  high  speeds.  Tleuty  of  diiigrums  had  been  taken  of  light 
leKTomotives  running  at  low  speeds.  Some  engineers  would  buy : 
"What  Would  be  the  in>e  of  it?  It  \«ould  be  simply  a  line." 
Others  would  say,  "  No,  we  have  never  done  it  at  all.'  ilis  friend 
Mr.  Drummond,  of  the  South  Western  lUilway,  had  very  kiudly 
responded  to  his  eni^uiry,  and  had  asked  at  w  hut  speeds  he  desired 
to  have  the  diagrams  aiade,  and  he  wuuld  then  have  them  taken. 
He  did  not  know  whether  the  meeting  would  be  a*ljourne-d,  but  if  so, 
and  Le  received  the  diagrams   from   Mr.  rruuunond,  he  would  have 

■2  >    2 


■IIU  COJiroUND    LOCOMOTIVfiei    IN    I'KANCK.  Makch   1901. 

(Mr.  \'aiigh;ui  I'ciulroa.) 

luiicli  pleasure  iu  seudiug  tlieiu  to  the  lustitutiou,  aud  he  lioped 
tliey  would  prove  very  iutorcstiiig. 

lie  would  like  to  know  from  tLc  autlior  aud  Mr.  do  Glclm, 
wkether  they  had  auy  precise  results  showing  what  the  effect  at 
high  speeds  of  particular  tyj^cs  of  cugincs  luight  be  on  the  draw-bar 
pull,  that  is,  if  a  six-Wheeled  engine  or  a  four-wheeled  engine,  as 
the  case  might  be,  were  taken,  what  the  actual  results  with  regard 
to  the  draw-bar  pull  were.  He  thought  the  results  given  in  the 
course  of  the  discussion,  2  tons  at  70  miles  an  hour,  were  simply 
magnificent.  Could  that  result  be  best  obtained  from  the  six- 
coupled  or  four-coupled  engines  ?  He  would  like  to  know,  in  fact, 
what  type  of  engine  gave  the  best  net  result  in  draw-bar  pull, 
which  was,  after  all,  the  real  test  for  engineers  to  have,  at  the 
various  speeds  which  were  required.  At  the  present  day  the 
highest  speeds  that  could  be  obtained  were  wanted.  It  had  given 
him  immense  pleasure  to  hear  Mr.  Churchward  say  that  he  believed 
he  could  get  as  good  results  out  of  a  non-compound  as  he  could  out 
of  a  compound  engine,  because  he  had  long  been  a  believer  in  that 
type  of  engine. 

It  might  be  worth  while  to  refer  to  the  fact,  on  the  Midland 
Railway  Mr.  Samuel  Johnson  tried  some  large  cylinders  in 
conjunction  with  very  small  boilers,  the  results  being  unsatisfactory, 
and  he  had  to  line  the  cylinders  up ;  but  the  fault  was  not  the 
engines'  nearly  so  much  as  it  was  the  drivers',  who  when  they  had 
the  engines  on  the  banks  ran  them  out  of  breath.  If  any  valve-gear 
could  have  been  provided  which  would  have  prevented  that 
happening,  he  believed  the  result  would  have  been  very  much  more 
satisfactory  than  it  was.     [See  also  ^age  428.] 

Mr.  J.  W.  Smith  thought  that  from  what  had  been  said  by  the 
author,  and  by  the  remarks  that  had  lallen  from  Mr.  de  Glehn,  that 
French  engineeis  had  made  a  very  great  success  of  the  compound 
locomotive.  It  had  often  occurred  to  him  to  ask,  when  French 
engineers  had  been  so  successful  with  four-cylinder  compound 
Icccmotives,  why  it  was  that  English  engineers,  at  least  judging  by 
results,  Lad  not  to  any  extent  favoured  that  tyjie  of  engine.     As  a 
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|K>«Mil»!o  otplanation  ho  liiul  Ik?«ii  tuM  tlmt  i-n-r  t..  tli«'  a.lv.nt  <.|  iho 
ooiupouixl  l(H'i»iin»tiv«i  in  Frunco,  tho  triiiuH  tliiro  luul  not  run  at  h<i 
high  HpoedH,  nor  w«ro  tho  on^jinrs  ro  jMiworful  an  thoy  wore  in 
Kni^hind.  In  Fniiico  tlm  compountl  loooniotivo  was  introdiicod  at 
tho  rij»ht  time.  It  jHirformed  work  whith  tho  ohh-r  Kim|tIo  tyiKj  of 
ongino  had  not  done,  cou8«  quontly  earning  u  reputation  wljicli  ha<l 
brought  it  to  tho  front.  t)n  tho  other  hand,  onginoorH  in  England 
apiHMirod  to  bo  satiBfiod  with  tho  Biniplo  engine,  holding  tho  opinion 
that  it  eould  bt*  considerably  improved.  Ho  noticed  that  Mr. 
Churchward's  opinion  still  tended  in  that  direction. 

Mr.  CuL'ucuw.Ma*  suid  ho  gave  no  opinion  with  regard  to  results 
at  present. 

Mr.  J.  W.  Smith  said  he  did  not  imply  that  for  a  moment  ;  what  he 
meant  was  that  Mr.  Churcliward  had  still  sufficient  faith  in  tho 
simple  engine  to  design  and  build  one  having  a  boiler  of  similar 
capacity,  and  the  same  working  pressure  as  the  French  compound 
ho  was  going  to  test  it  against— the  two  engines  to  be  worked  under 
similar  conditions  as  near  as  could  be  obtained. 

Ho  would  like  to  refer  to  tho  diagrams  on  page  340,  In  those 
very  interesting  indicator  diagrams  one  thing  was  noticeable, 
namely,  the  remarkable  steam  lino  on  the  diagrams  taken  from  the 
high-pressure  cylinders  at  the  higher  speeds.  It  would  have  been 
useful  if  the  author  had  given  information  as  to  tho  weight  of  the 
engine  and  tender,  and  also  as  to  whether,  when  tho  diagrams  were 
taken,  the  speoJ  was  accelerating  or  falling  off.  If  this  information 
had  been  given,  it  could,  by  a  simple  calculation,  have  been 
ascertained  whether  the  trains  in  France  re»iuired  more  power  per 
ton  to  draw  them  than  those  in  this  country.  As  Mr.  Churchward 
had  said,  a  short  train  took  less  pulling  than  a  long  one  of  the 
same  weight,  and  the  speaker  thought  that  was  perfectly  correct. 
Assuming  the  mean  weight  of  the  engine  and  tender  to  bo  108  tons, 
if  he  were  allowed  he  would  make  a  comparison  with  the  figures 
which  had  been  experimentally  ascertained  of  tho  power  absorbed  by 
th.-    passenger  rolling   stock    on    tho    Midlan<l    Kailwav.     On    that 
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railway  Mr.  Deeloy  had  carried  out  a  large  number  of  experiments 
and  formulated  a  train-resistance  curve.     The  figures  lie  would  use 
miglit  not  be  quite  the  same  as  those  adopted  by  Mr.  Deeley,  but  in 
any  case    they  would  only  vary  slightly.     ITe    would  assume  the 
train-resistance,  including  engine,  tender  and  train,  in  lbs.  per  ton 
on  the  level  as  being  equal  to  3  +  J^-     Referring  to  the  starting 
diagram,  i.e.  the  one  at  the  top  of  the  left-hand  column  on  page  346, 
the  load  on  the  tender  draw-bar  was  given  as  3 '33  tons,  which  was 
equivalent  to  about  23*5   lbs.  resistance  per  ton  of  train.     Using 
the  assumed  weight  of  108  tons,  the  resistance  worked  out  at  about 
82  •  5  lbs.  per  ton  for  the  engine  and  tender  alone.    This  meant  that  the 
engine  and  tender  absorbed  about  3  ■  5  times  as  much  power  per  ton 
as  the  train.     Referring  to  the  other  three  sets  of  diagrams  on  the 
same  page,  a  comparison  of  the  indicated  horse-power,  with  the  pull 
on  the  tender-coupling  showed  on  the  average  that  the  engine  and 
tender  absorbed  per  ton  just  over  twice  as  much  power  as  the  train. 
Again,  referring  to  the  lower  set  of  diagrams  in  the  left-hand  column 
of  page  846,  the  power  available  for  the  total  moving  weight  worked 
out  at  16-4  per  ton.     The  speed  of  the  train  was  given  as  60-8 
miles  per  hour,  and  to  maintain  that  velocity  by  the  formula  he  had 
mentioned  would  require  a  force  of  17*8  lbs.  per  ton,  and  assuming 
that  the  French  rolling  stock  offered  the  same  resistance  to  motion 
as  the  Midland  Railway  rolling  stock,  then  the  difference — 1-4  lbs. 
— would  indicate  that  the  French   train  in  question,  at  the  time  the 
set  of  diagrams  was  taken,  was  losing  speed  at  the  rate  of  0-76  mile 
per  hour  per  minute.     In  the  last  set  of  diagrams  at  the  bottom 
of  page  347,  after  making  allowance  for  the  gradient,  the  indicated 
horse-power  gave  an  available  power  of  10 '6  lbs.  per  ton  for  the 
total  moving  weight,  whereas,  to  maintain  the  speed  of  54 '3  miles 
per  hour,  he  reckoned  by  the  formula  that  a  power  of  14-8  lbs.  per 
ton  would  be  required,  and  making  the  same  assumption  as  in  the 
previous  case,  he  calculated  that  the  engine  was  losing  speed  at  the 
rate  of  2*2  miles  per  hour  per  minute.     All  the  other  diagrams, 
with  one   exception,  gave  like  results ;    in   the  most  extreme  case 
the  engine  appeared  to  have  been  losing  speed  at  the  rate  of  C*3 
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milos  JHT  licnir  jkt  luiuuto.  Tl>o  excoptiDU  nioiitututtl  in  fuuud  iu 
tlio  Bot  of  iliagraiDK  (;ivtn  in  tliu  ri^^ht-haiid  culunm  at  tho  top  of 
)>age  347,  whero  it  waK  KtattHl  that  tho  train  was  running  down  a 
gnulient  (tf  1  in  200  at  a  spood  of  77  miles  por  hoar.  He 
calculfttod  that  tlu)  B|)oed  in  this  instanco  was  accelerating 
a])])roximut«ly  at  tho  ruto  of  2*G  milos  pc-r  hour  ]>or  miniito.  If 
tho  author  could  state  whothur  tho  ongino  was  losing  or  gaining 
speed  and  give  tho  nito  of  oliango  of  velocity  wlien  the  diagrams 
were  taken,  he  thought  some  idea  could  bo  forniiHl  as  to  whether 
tho  French  rolling  stock  took  loss  pulling  than  ours,  and  he  believed 
that  the  information  would  be  interesting  and  acceptable  to  most 
railway  engineers, 

Tho  four-cyliudor  compounds  had  certain  advantages,  but  ho 
failed,  like  Mr.  Churchward,  to  see  how  it  was  that  the  turning  effort 
was  more  uniform  than  in  the  case  of  a  two-cylinder  engine.  He 
believed  that  when  marine  engineers  designed  an  engine  they 
preferred  an  odd  number  of  cranks,  and  ho  thought  that  tho 
three-cylinder  engine  as  regards  turning  effort  might  have  advantages 
which  the  four-cylinder  engine  did  not  possess.  "With  regard  to  tho 
arrangement  of  the  four-cyliiuler  compound  mentioned  iu  the  Pa|)er, 
there  were  two  high-pressure  cylinders  placed  outside  the  frames 
fairly  well  back,  and  two  low-pressure  cylinders  placed  inside  the 
frames  fairly  well  forward.  This  arrangement  necessitated  pipes 
passing  down  from  the  dome  outside  tho  boiler  to  the  high- 
pressure  steam-chests,  and  when  the  steam  was  exhausted  from 
these  cylinders  it  had  to  pass  along  through  pij>es  placed  outside 
the  frames  to  tho  low-pressure  cliests.  Tho  number  of  i)i|>os  and 
their  position  seemed  to  him  to  be  conducive  to  condensation. 
With  the  three-cylinder  engine,  such  as  Mr.  Johnson  had  designed 
for  the  Midland  Railway,  the  high-pressure  steam  passed  through 
one  largo  pipe  inside  the  smoke-box  where  it  was  kept  warm  by 
being  surrounded  by  gases  having  a  higher  temjierature  than  the 
steam;  then,  when  tho  steam  was  exhausted  from  the  middle 
cylinder  it  hatl  to  jjass  through  no  j>i]>eK  at  all,  but  went  dirtctly 
into  the  low-pressure  steam-chests. 
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Altliongli  he  bad  not  very  mucli  experience  of  Frencli  engines, 

ho  had  had  the  pleasure  of  riding  several  times  on  them,  and  he 

noticed  tliat  the  condensation  was  fairly  heavy  in  the  low-pressure 

cylinders.     On  the  Midland   Railway  the  engines  gave  very  little 

trouble  indeed  with  condensation.     There  were  other  points  in  the 

French  engines   to  which,  if  time   had   permittefl,  he  would   have 

liked  to  compare  with  those  in  some  of  the  most  successful  types  of 

compound  locomotives  in  this  country.     The  Midland  engines  had 

done   some   most   remarkable  work ;    one    of    those    recently   built 

started  running  on  the  4th  November  last,  since  when,  he  believed, 

it  had  worked  daily,  including  Sundays  after  the  first  week,  and  the 

mileage  up  to  the  present  time    averaged    6,800  miles  per  month. 

He  thought  that  the  work  done  by  that  engine  went  to  show  that 

the  compound  engine,  whether  it  had  three  or  four  cylinders,  could 

run  and  keep  out  of  the  shops.     He  believed  that  about  Christmas 

time  the  engine  successfully  worked  trains   of  350  tons  behind  the 

tender,    and    trains    of    a    weight    which    could    not    have    been 

successfully  worked  with    an    ordinary  engine  ;    in  fact,  for  many 

days  together  it  might  be  said  that  the  use  of  a  pilot  engine  was 

avoided.     The  trains  referred  to  were  worked  between  London  and 

Leicester,  the  average  booked  speed  being  52  miles  j)er  hour,  but  in 

many  instances  the  actual  mean  speed  was  considerably  higher. 

M.  Laurent,  Assistant  Locomotive  Superintendent  of  the  Paris- 
Orleans  Eailway,  speaking  in  French,  said  that  he  had  followed  with 
great  interest  the  discussion  which  had  just  taken  place.  The  Paris- 
Orleans  Railway  Co.  had  used  four-cylinder  compound  locomotives 
since  1899.  These  locomotives  were  identical  with  those  already 
used  for  several  years  by  the  Northern  and  Southern  Companies, 
namely  four  wheels  coupled  with  bogie.  They  had  drawn  their 
heaviest  express  trains,  from  1899  to  1903,  over  gradients  not 
exceeding  1  in  125.  At  about  the  same  time  some  four-cylinder 
compound  locomotives  with  six  wheels  coupled  were  also  brought 
into  service  which  took  their  express  trains  on  the  central  French 
lines  (Paris  to  Toulouse,  Paris  to  Montauban,  Bordeaux  to  Lyon), 
where  there  were  gradients  1  in  GG  to  1  in  50.  These  locomotives 
had  given  great  satisfaction. 
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The  weight  of  their  tr«iji«  wak  iilwuyti  inert lUMUf^.  Th«y  L««l  t«> 
run  on  their  liiM*.  princijtiilly  from  Pariii  to  Ilunliuux,  which  in  a 
(iJKtJUitx'  of  5S0  km.  (3r.0'10  iniU«),  tminii  travoUing  at  90  ami 
95  km.  (56-92  ami  5l>  0:i  miltK)  an  hour  of  offt'ctiTo  aTenigo  upetMl, 
and  having  U-twriU  PariK  iiikI  Toun*  b  loa«l  of  250  t  to  200  t.  (240 
to  295 '2  tons).  To  l.o  ublo  to  kcrp  time  on  tlu«H«  trainK,  tJu-y  were 
obligod  to  attain  an  effi«tiTo  ajwotl  of  from  1(>0  t^i  110  km.  (02*138 
to  08-3  milcK)  an  hour  on  the  Irvel  or  on  gnulientji  of  fn»m  1  in  :!^3  Ut 
1  in  200.  Tlio  cngiuos  built  in  1899  no  Ic.ugtr  gave  n  Bufficiint 
margin  to  allow  of  lost  time  being  made  up.  Consequently  they 
were  induotnl  to  consider  the  use  of  more  powerful  locomotiros,  a*  they 
had  attained  the  lootl-limit  of  18  tons  i>er  axlo.  Mr.  de  (ilehn  hod 
built  for  tlicm  somo  "  Atlantic "  and  six-wheel  c«»uplod  engines, 
Fig.  44  and  45,  Plate  G5.  These  engines  were  identicail  in  boilers, 
cylinders,  Ac. ;  only  they  differed  in  the  number  of  coupleil  wheels 
and  the  diameter  of  the  wheels:  2  m.  (G  feet  C£  inchis)  for  the 
"Atlantic"  engines,  1*8  m.  (5  feet  11  inches)  for  the  six-wheel 
coupled  engines.  Finally,  they  were  now  having  built  with  the 
same  boiler,  eight-wlu-el  coupled  engines  with  leadinj^  pony  truck. 
Fig.  46,  Plate  G5  ;  these  were  intended  to  run  goods  trains  on  the 
various  lines  in  the  centre  of  France. 

His  friend,  M.  Sauvage,  had  given  all  the  information  about 
their  new  four-cylinder  comix)uud  locomotives,  and  he  would  only  add 
two  points  from  his  own  experience.  The  first  was  in  reply  to  a 
question  by  a  previous  speaker  in  reference  to  the  great  length  of  their 
fire-boxes  (page  399).  These  were  3*10  m.  (9  feet  10|t  inches)  in 
length  ;  before  putting  the  engines  into  service  their  attention  was 
occupied  by  considering  the  most  suitable  slope  for  the  grate,  to 
l)ermit  the  sliding  down  of  the  coal.  These  engines  had  caused 
no  difficulty  siuco  they  were  started  about  a  year  ago.  There  had 
been  burnt  in  them  as  much  us  550  kg.  of  coal  per  square  metre  (112| 
lbs.  per  square  foot)  per  hour,  and  they  made  the  journey  from 
Paris  to  Tours,  238  km.  (147*88  miles),  and  from  Tours  t*)  Bordeaux, 
350  km.  (217 -48  miles),  with  the  same  shift.  The  cc»al  should  be 
placed  on  the  back  part  of  the  grate,  whence  it  would  slide  down 
the  grate.  Naturally,  they  employed  their  best  stokers  for  theee 
tr.iins,  and  they  had  experienced  no  difficulty. 
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The  second  experience  lie  wisLed  to  mention  was  tliat  in  1902, 
with  engines  of  the  previous  type,  they  had  been  obliged  to 
divide  their  Paris-Tours  quick  trains  up  into  two  parts,  during  the 
wliole  of  the  summer,  that  is  to  say  for  nearly  three  months.  In 
1903  during  the  same  period  their  new  engines  had  enabled  them  to 
run  all  these  trains  without  dividing  them. 


Discussion  on  Friday,  15th  April  1904. 

The  Presipent  reminded  the  Members  that  at  the  last  meeting 
an  important  discussion  on  M.  Sauvage's  Paper  was  commenced,  and 
the  discussion  about  to  be  resumed  would  be  equally  important. 
Some  of  the  leading  locomotive  superintendents  of  the  country  had 
taken  the  trouble  to  send  diagrams,  which,  in  the  course  of  the 
discussion,  would  be  alluded  to,  and  some  who  had  been  unable  to 
be  present  that  evening  had  been  so  much  interested  as  to  send 
written  communications  on  the  subject,  which  would  be  communicated 
in  brief,  and  would  be  published  in  fall  in  the  Proceedings. 
Mr.  Samuel  Johnson  had  written  a  valuable  communication  of  which 
the  Secretary  would  read  some  extracts. 

Mr.  Henry  A.  Ivatt,  Member  of  Council,  said  that,  as  he 
had  been  unable  to  be  present  at  the  last  meeting,  he  had  not 
had  the  pleasure  of  joining  in  the  vote  of  thanks  to  the  author 
proposed  by  the  President  before  the  discussion  began,  but  he 
desired  to  take  this  opportunity  of  testifying  his  appreciation  of  the 
very  excellent  Paper  which  M.  Sauvage  had  contributed  to  the 
Institution,  and  to  thank  him,  not  only  for  writing  it  in  English,  but 
for  so  thoughtfully  translating  the  speeds  into  miles  per  hour,  and 
the  pressures  into  pounds  per  square  inch.  He  would  not  attempt  to 
touch  upon  many  of  the  points  of  interest  suggested  by  the  Paper, 
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l»»t  proj»i>8e<l  to  rofur  briofly  to  an  oxporiment  he  liu<l  u\ah>  in 
coinj)oui»<lin^  about  ton  years  0{?o,  and  then  to  say  sonx  tliinj;  on 
ongiue-roKiKtanco  and  draw-lmr  j)ull. 

AlKMit    tbp  yi>ar    1891-95   \w   coniponnUd  two  tnginoH  on   tbo 
Great  Southern  and   WoHtorn   (»f  Irtdand.     Ono  wan  a  gix-wlieolud 
coupled   goods,  and  the  other  o  fonr-coujdcd   cxproM  engine.     As 
sinijdo  engines,  both  had  inside  cylinders  18  inches  by  24  inches; 
tlicy   wero  comiwjindcd   on   tho  Worsdell  and  Von   Borries  system 
witli  high-prefisure  cylinder  18   inches  and   low  pressure  2C  inches, 
the  stroke  in  each  case  remaining  as  before,  namely,  24  incheK.     The 
goods  engine  hud  a  flap  interceptiiig-valvc,  and  the  express  engine 
had  a  chango-valvo  of  his  own   design,  allowing   the  engine  to  be 
worked  as  a  non-compound  when  required.     The  steam-pressure  in 
both  was  kept  the  same  as  before  compounding,  namely,  IGO  lbs.  per 
square    inch,   with    a   view  to   seeing    whether   comjmunding   alone 
produced  any  improvement.     He  left  the  Great  Southern  Railway  in 
1896,  but  understood  that  tho  engines  remained  at  work  until  they 
required    new  cylinderp,  when   they  were   re-cylinderecl   as  simple 
engines.     The  net  result  of  the  experiment  was  that  as  comjt.>un(h 
the  engines  were  no  hcit>r  and  no  tcorsr  than  they  were  he  fore.     Tho 
engines  on  which  this  experiment  was  made  were  of  moderate  size, 
and  it  did  not  follow  that  for  a  more  powerful  engine  the  compound 
four-cylinder  or  other  type  would  not  show  to  greater  advantage. 

The  experiments  now  being  carried  out  on  the  Great  Western 
between  compound  and  simple  were  of  great  interest  and  value, 
becatise  the  conditions  as  to  steam-pressure,  etc.,  were  uearlv 
identical ;  but  he  thought  the  trials  would  be  still  more  interesting 
if  the  simple  engine  had  the  same  arrangement  of  cylinders,  cranks, 
wheels,  etc.,  as  in  the  comi)ound,  tho  cylinders  being  of  such 
dimensions  as  to  make  the  nominal  tractive  force  of  the  two  engines 
about  equal.  The  measure  of  the  useful  work  being  done  by  u 
locomotive  at  any  time  was  the  draw-bar  pull  at  the  back  of  the 
tender.  Indicator  diagrams  might  give  the  horse-power  being 
developed  in  the  cylinders,  but  they  would  not  show  what  horse- 
power was  delivered  to  the  train  in  the  sha]>e  of  draw-bar  pull, 
particularly  at   high  speeds,  becaus-  more  or  less  of  the   cylinder 
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liorsc-power  was  required  to  overcome  tlie    resistance  of  the  engine 

itself. 

The  resistance  of  the  locomotive  tended  to  increase  and  the 
draw-bar  pull  to  decrease  with  increase  of  speed,  so  that  for  every 
engine  there  was  a  maximum  speed  at  which  it  would  only  move 
itself,  leaving  no  pull  available  at  the  draw-bar.  Diagram  Fig.  47 
(page  419)  gave  the  draw-bar  pull  of  two'  engines  at  various  speeds. 
The  fine  line  was  from  an  eight-coupled  engine  with  small  wheels, 
intended  to  work  heavy  coal  and  goods  trains,  at  an  average  speed  of 
about  20  miles  an  hour.  The  thick  line  was  from  a  single- wheeled 
express  engine.  The  initial  pull  in  this  case  was  not  nearly  so  great 
as  with  the  other ;  but  after  about  30  miles  an  hour,  the  single- 
wheeled  engine  showed  the  best  pull.  The  diagram  was  made  from 
records  obtained  in  regular  service,  and  therefore  must  not  be  taken 
as  representing  the  highest  efforts  of  which  the  two  engines  were 
capable  at  all  speeds,  but  rather  as  illustrating  the  relative  falling  off 
in  draic-har  pull  with  two  different  types  of  engines  as  the  speed 
increased. 

The  single- wheeled  express  engine,  which  at  starting  was  only 
capable  of  putting  on  a  draw-bar  pull  of  about  half  as  much  as  the 
eight-coupled  engine,  was  able  to  put  on  the  greater  pull  at  higher 
speeds,  say  from  about  30  or  40  miles  an  hour  and  upwards.  This 
diagram  illustrated  two  extremes,  but  it  indicated  the  reason  why 
some  express  engines  with  nominally  small  tractive  force  often  did 
so  well  with  heavy  trains  at  high  speed,  and  it  also  helped  to  show 
why  drivers  working  trains  timed  at  high  average  speed  would 
always  go  for  what  they  called  a  "  free  running  engine  " — by  this 
expression  they  meant  the  engine  which  gave  the  best  draw-bar  pull 
at  the  higher  speeds,  and  the  engine  which  did  that  was  the  one 
which  consumed  the  smallest  amount  of  power  in  moving  itself,  and 
left  the  most  for  the  draw-bar.  The  increased  tractive  force  required, 
by  reason  of  the  increased  weight  and  speed  of  express  trains,  had 
led  to  the  use  of  larger  cylinders,  but  larger  cylinders  with  high 
piston-speed  meant  more  back -pressure,  and  consequently  increased 
internal  resistance.  Dividing  the  work  between  four  cylinders 
enabled  them  to  be  kept  small,  the  reciprocating  weights  balanced 


Aluii.  IIKM. 


COMI'OUND    LOCOMuTIVBrf    IN    rUANCE. 


419 


I'lO.  17. 
iJniiclHtr  i>uH  at  uiriuu-  i-j>ectl- 

—  ^-^•o^llll^xl  v,'vM«U. 


I" 


.;''''' 

• 

Mill 

\t  1  1  f 

I 

^■•^• 

,^ 

N 

> 

Ik 

xj 

Klu.  48. 

Tmctirv  VtitKT  of  lA>oumuiic«: 

I'rof.  (•<»*#  ("  Kttilruiwl  (inaclUj,"' 

17  Juu.  l\H)t). 

T  =  Tnu'tix  e  furc-o  ul  driv  ur*. 

I  =  Dniw-Uir  fulL 

n 


T  =  ItU 


a>      40     M>      m     KM 

MlJf»   f^r   Kmu 


t  =  161 "  -  :is  '7/  -»'(:•  +  {.v»-  0  11  .•»' 
//  =  R«imiro  fietof  hcutiuu  i>urfu*;e. 
S  =  8i>c«ed  in  M.IMI. 
(/  =  Dlatn.  o(  piHion  in  ioelick. 
/,  =  Stroke  in  fi-et. 
/)  =  Diiim.  of  drivers  in  foot. 
ir  =  WeiKht  of    i-ntMno  and   i.iul<r   K-- 
weit-'ht  of  drivcTK 


ludirntvr  Diiiijram^  fnm  Loco.  No.  251,  (i rent  Nurtlarn  UuHmvj. 


Fig.  49. 
^Vei^'ht  liohind  tender  277*  tons. 
SpecMl  17  M-l'.H.    Driiw-1>ur  pull  1  .>  Ions. 
(Jnulient  1  in  lo:>  up.    CyL  II.P.  r>'.n'. 
Iti-tnilator  full  open.  Dniw-bar  ll.l'.  4.Hi'.'. 
M.K.l*.  l.'Tii  lbs.    Diirereuce  H.l'.  H-'  L 
Mciin  liack-l're-.t.uro  6  Ibc 


Fic.  50, 
WeijiUt  l)eliind  tender  l'77t  ton.^. 
.Speed  4:.  M.P.H.    Dmw-lwr  pull  2- J  Ion-, 
(iradient  1  in  ^00  up.    CyL  II.P.  Wo. 
Uetmbitor  full  open.    Draw-»Kir  H.P.  072. 
M.E.I'.  7'.f2  11  w.    Difference  U.P.  2V3. 
Mean  liaek-Prefesure  7  11**. 


Fig.  51. 

\Vei^'llt  Uliiml  tender  2141  \ow. 
.spet-d  5^i  M.P.H.   Draw-Uirpull  l-O.')  Ions, 
(iradient  le\  el.    Cyl.  U.P.  1'3«. 
lu/ulator  4  open.    Dniw-Uir  U.P.  .''.7. 
M. K.P.  5«- 1 1»>K.    Difference  H.P.  3til. 
Mean  Biu.k-l*ressure  Ct  Ibis. 


Fig.  ol. 
^Vei^'hl  U-liind  tender  2141  tons. 
Speed  7:.  M.P.U.    Draw-bar  pull  12  ton>. 
lirudienl  1  in  2t>4  down.    Cyl.  ILP.  lll'2. 
UekTiltttor  full  open.    Draw-bar  U.P.  J3tl. 
M.K.P.  57-7  lbs.    Difference  U.P.  »>i4. 
Mean  Bjick-l'rest>ure  V4  lbs. 
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each  other,  so  that  no  excess  balance  was  required  for  this  purpose ; 
consequently  there  was  no  vertical  disturbance,  and  this  again  helped 
to  diminish  internal  resistance.  With  four  cylinders  there  was  of 
course  the  increased  friction  due  to  additional  parts,  but  he  thought 
that  this  might  be  more  than  compensated  by  the  advantages 
mentioned.  Another  factor  affecting  internal  resistance  was  the 
throw  of  the  coupling-rods.  The  drivers'  ideal  of  a  "free  running 
engine  "  was  a  single  wheeler,  and  most  engineers  would  do  without 
coupling-rods  altogether  if  they  never  had  to  run  trains  weighing 
more  than  about  150  tons  over  a  moderate  road.  Being  obliged  to  use 
coupling-rods,  it  was  advisable  to  avoid  swinging  them  about  more 
than  was  necessary,  and  therefore  the  throw  of  the  coupling-rod  pins 
should  be  kept  as  small  as  possible.  The  circumference  of  the 
circles  described  by  coupling-rod  pins  ranged  from  7*8  feet  with  a 
15-inch  throw  down  to  4  •  7  feet  with  a  9-inch  throw.  Several  express 
engines  were  running  with  a  9-inch  throw  for  the  coupliUig-rod  pins. 
He  himself  used  10-inch  for  inside  cylinder  engines  on  the  Great 
Northern  Eailway,  and  he  was  sure  that  keeping  down  the  throw  of 
the  coupling-rods  had  an  important  effect  on  the  internal  resistance 
of  the  engine.  He  believed  that  the  success  of  the  express  engines 
so  well  described  by  M.  Sauvage  was  largely  due  to  increased  boiler 
power  and  the  arrangement  of  the  cylinders,  aj:  art  from  the  compound 
principle ;  but  to  whatever  cause  it  might  be  due,  they  all  admired 
the  very  excellent  work  done  by  these  locomotives,  and  congratulated 
their  brother  engineers  on  the  other  side  of  the  Channel  upon  the 
success  which  they  had  attained. 

With  regard  to  the  extra  ccmplication  introduced  by  the  use  of 
four  cylinders  instead  of  two,  it  bad  been  stated  more  than  once  that 
with  modern  high-speed  locomotives,  it  was  the  boiler  and  not  the 
engine  which  gave  trouble,  so  that  some  extra  complication  on  parts 
which  (when  well  designed)  gave  little  or  no  trouble  need  not  be 
feared. 

On  diagram  Fig.  48  (page  419)  he  gave  a  formula  by  Professor  Goss 
for  calculating  the  draw-bar  pull  of  a  locomotive  at  various  speeds. 
It  was  published  in  the  Eailroad  Gazette  for  17th  January  1902, 
and  was  derived  from  the  experiments  at  Purdue  University,  which 
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exporimoiiUj  wero  referrixl  t*)  by  M.Sauvuge  (iJago  328).  It  would  bo 
uoticoil  thftt  the  formula  turned  inoro  ou  the  spood  aud  tho  htatiug 
surfuco  thiui  on  8izo  of  cylindors  or  stcam-prohsure.  Mr.  Sturrock 
sjiid  that  tho  power  of  a  locomotive  wan  "  niea«ured  by  its  capacity 
to  boil  water,"  and  his  practice  of  fifty  years  ago  indicated  that  ho 
hod  acted  upon  that  opinion,  and  modern  practice  8howetl  tho 
opinion  to  bo  sound.  It  had  always  struck  him  (Mr.  Ivatt)  that 
attempting  to  measure  the  power  of  locomotives  by  the  size  of 
cylinders  was  like  trying  to  arrive  at  tho  relative  spending  capacity 
of  two  individuals  by  comparing  the  size  of  the  purses  they  carried 
without  reference  to  the  state  of  their  respective  bank  accounts. 
Moderate-sized  cylinders  were  capable  of  doing  a  great  deal  of  work, 
if  well  supplied  with  plenty  of  steam.  In  his  "  990  "  class  of  engiue 
(Atlantic  type)  the  cylinders  wero  nominally  19  inches  by  21  inches 
(actual  diameter  when  new  18^  inches),  aud  these  with  G-foot 
6-inch  wheels  gave  a  piston  speed  of  about  1,030  feet  per  minute  ut 
GO  miles  per  hour.  The  slide-valves  were  balanced  with  Richardson's 
strips,  aud  the  backs  were  open  so  that  the  exhaust  had  a  free 
passage  straight  through  tho  valve.  Diagrams  Figs.  -19  to  52  (pago 
419)  showed  that  the  back-pressure  was  not  excessive.  The  diagrams 
were  taken  from  some  records  of  work  done  by  tho  (Jreat  Northern 
engine  No.  251  ;  this  engine  had  a  boiler  with  2,500  feet  of  heating 
surface,  and  he  ha.l  selected  these  diagrams  as  being  somewhat 
comparable  in  point  of  speed,  etc.,  with  the  four  given  by  ^I.  Sauvage, 
Fig.  10  (page  346). 

Adding  to  the  size  of  cylinders  with  a  view  to  obtaining  increased 
power  did  not  result  in  much  gain,  if  the  eflfect  of  increa»e<^l  volume 
were  to  augment  back-pressure,  so  as  to  neutralise  any  advantage 
secured  on  the  driving  side.  Increase  iu  back-pressure  cau:>ed  by 
enlarging  the  piston  acted  ou  the  whole  area,  while  the  gain  on  tho 
driving  side  was  only  that  due  to  the  additional  annular  ring, 
representing  the  increase  in  diameter.  Many  locomotives  had  been 
over-cyliudered,  aud  disappointment  in  their  working  has  been  duo 
more  to  the  cylinders  being  too  large  for  the  boilers  thau  to  defect 
in  the  method  of  handling  the  engines  while  at  work. 
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The  ineu  who  worked  heavy  trains — drivers  and  firemen — gut  by 
constant  practice  to  exhibit  the  greatest  skill  in  converting  the  latent 
energy  of  the  coal  in  the  tender  into  active  energy  or  draw-bar  pull 
by  means  of  the  machine  which  they  handled  for  this  purpose,  and 
they  knew  how  to  accomplish  this  with  the  smallest  expenditure  of 
coal  and  water.  When  a  driver  had  to  make  a  run  (say)  of  about 
100  miles  with  an  express  train  under  conditions  such  that  with  care 
the  water  would  just  hold  out,  but  that  if  his  engine  was  not  worked 
to  the  best  advantage  it  would  be  necessary  to  stop  for  water  before 
the  end  of  the  run,  how  did  he  work  the  engine  ?  The  text  books 
indicated  that  he  should  run  with  the  throttle  wide  open,  and 
regulate  the  steam  reo[uired  in  the  cylinders  by  altering  the  point  of 
cut-off  with  his  reversing  gear,  or  iu  other  words,  that  he  should 
work  the  steam  as  expansively  as  possible ;  but  the  driver  knew  that 
if  he  did  this,  he  w^ould  use  more  water  (and  consequently  more  coal) 
than  he  would  if  he  ran  with  the  cut-off  at  the  point  which  the 
engine  likes  best,  and  he  regulated  the  supply  of  steam  by  wire-drawing 
at  the  throttle.  He  did  not  profess  to  explain  scientifically  the 
reason  for  this,  but  the  fact  remained,  and  it  might  help  to  reconcile 
them  to  the  failure  of  various  improved  valve-gears  (so-called) 
which  had  been  tried  at  difierent  times.  A  locomotive  fitted  with 
complicated  gear,  which  produced  diagrams  with  beautiful  s(iuare 
corners,  was,  he  believed,  no  better  in  practice  than  one  with  the  old 
link-motion,  which  very  possibly  turned  out  a  diagram  shaped  like  a 
leg  of  mutton. 

The  President  said  that  Mr.  George  Whale,  the  Locomotive 
Superintendent  of  the  London  and  North  Western  Eailway,  hoped  to 
have  been  present,  but  he  had  been  obliged  to  return  to  Crewe. 
However,  he  had  forwarded  some  diagrams,  which  were  exhibited  in 
the  room,  and  the  Secretary  would  briefly  explain  the  points  in 
connection  with  them. 

The  Secretary  said  that  Mr.  Whale,  who  regretted  he  could  not 
be  present,  had  recently  designed  a  simple  express  four-coupled  bogio 
engine,  with  driving  wheels  G  feet  9   inches  diameter,  and  cylinders 
{Cuntinued  on  ^aye  428). 
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FlO.  53.      Iiulicator  DIu'jramM  from  the  Litcomotire  '*  Preeur$or," 
L.  A  N.  W.  liy.,  Ti  M'urh  \'M)\.     (Stn)  pages  424-125.) 
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Fig.  54.     Experimental  Train,  London  and 

Simple   Four-wheels   coupled 
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Fig   55. — Experimental  Trips  with  i-cyl.  Compound 
Comparison  of  Methods  of 

In  the  first  two  trips— Crowe  to  Stafford  and  Stafl'ord  to  Crewe— the  L.R  and  H.P. 
Valves  were  notched  np  snnultaneously,  and  the  Regnlator  Valve  only  partially 
opened. 

In  the  Pird  and  'Ith  trips  the  engine  was  worked  with  the  L.P.  Valves  in  JIull  gear, 
and  the  II.P.  Valves  notched  up  independently  of  the  low,  as  required.  The  Regulator 
being  full  open. 
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19  incLes  diameter  by  26  inclies  stroke.  The  mean  diameter  of  the 
boiler  barrel  was  5  feet  ^  inch,  and  working  pressure  175  lbs.  per 
scpare  inch.  Tlic  total  heating  surface  was  2,009  •  7  square  feet — 
1,818  ••!  square  feet  being  obtained  from  the  tubes,  and  161*  3  square 
feet  from  the  fire-box.  The  engine  weighed,  in  working  order,  59  tons 
15  cwts.,  of  which  19  tons  were  on  each  pair  of  coupled  wheels. 

An  experimental  i*un,  to  test  the  engine,  was  made  between 
Crewe  and  Kugby  and  Eugby  and  Crewe,  full  particulars  of  which, 
and  the  results,  were  given  in  Fig.  54  (pages  424-425).  The 
records  shown  were  automatically  taken  with  the  dynamometer 
car,  which  registered  the  speed  of  the  train  and  the  varying  pulls  on 
the  tender  draw-bar.  The  weight  of  the  train,  exclusive  of  engine 
and  tender,  was  374  tons  14  cwts.  3  qrs.,  the  total  load  being  471 
tons  9  cwts.  3  qrs.  Some  indicator  diagrams.  Fig.  53  (page  423) 
were  also  taken  at  certain  points  marked  on  the  sheets,  the  highest 
recorded  horse-power  developed  being  nearly  1,200.  On  Fig.  55 
(pages  426-427)  are  shown  full  particulars  and  results  of  experimental 
trips  between  Crewe  and  Stafford  with  a  4-cylinder  compound  engine 
on  27  September  1903,  showing  a  comparison  of  two  methods  of 
working  low-pressure  cylinders. 

Mr.  Vaughan  Pbndeed  said  it  would  be  recollected  that  at  the 
last  meeting  he  asked  how  far  the  external  characteristics  of  a 
locomotive  affected  the  power  of  pulling  at  high  speeds,  and  what 
effect  the  diameter  of  the  driving  wheels  had  in  the  same  direction 
(page  405).  That  matter  had  been  partly  dealt  with  that  evening 
by  Mr.  Ivatt,  who  had  given  some  very  interesting  information. 
But  it  seemed  to  him  (Mr.  Pendred)  that  in  order  to  arrive  at 
anything  like  a  just  idea  of  what  took  place  it  would  be  well  to  find 
out,  in  the  first  instance,  what  was  the  power  actually  required  to 
drive  the  locomotive  by  itself.  A  great  many  experiments  had  been 
carried  out,  like  those,  for  example,  which  Mr.  Whale  had  conducted, 
giving  the  draw-bar  pull  and  the  engine  indicated  power,  so  that  one 
could  arrive  at  a  conclusion  what  the  loss  was.  But  none  of  those 
experiments  had  been  carried  out  at  very  high  speeds,  for  the  simple 
reason  that,  so  far  as   his  experience  went — and  he  thought  there 
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wero  othor  people  in  tho  ntom  who  wuiiKl  oudurse  it — very  high 
BpcodB  wort)  iiuver  tittaiuod  iinleHB  tho  ou^^iue  and  tender  wero 
running  down  hill.  On  tho  lovol,  8]H;odB  of  ovor  'JO  niilcH  un  hour, 
unk>-8«  tho  ongino  had  got  iiniutuK  from  i)rcviouKly  running  down 
hill,  wore  Boldom  attained.  Ho  had  cndouvourod  to  uhtain,  for 
tho  informatiuu  of  tho  nioetiug,  ]>articular8  of  uxporinients  made 
at  vory  high  speeds.  Mr.  Druniniond  had  Kaid  that  though  he  had 
uut  got  tho  facts,  he  would  got  them  for  him.  Mr.  Drummond  had 
carried  out  a  series  of  expcrimoDts  within  limits,  tho  results  of  wliich 
wore  shown  in  Figs.  5G  and  57  (pages  430-433).  Speeds  of 
72  miles  an  hour  wore  attained.  The  startling  fact  tu  most 
engineers  was  that  to  run  un  c-ngine  and  tender  alone  at  those 
speeds  on  a  level  took  as  much  as  800  to  'JOO  II.P.  In  dealing  with 
these  tigures,  ^Ir.  Sisterson,  who  carried  out  the  experiments,  would 
explain  the  conditions  under  which  they  were  ohtained.  lie  (Mr. 
Pendred)  thought  it  very  necessary  to  say  at  that  point  that  these 
figures  must  not  ho  taken  as  final.  It  could  he  seen  that  tho 
experiments  were  very  limited  in  their  range,  as  they  must  he  under 
the  conditions,  and  he  did  not  think  he  could  do  hotter  than  read  a 
letter  which  he  had  received  from  Mr.  Drummond  on  the  suhject : 
"  I  send  you  a  second  test  at  diflereut  speeds  with  a  light  engine. 
They  are  not  at  all  satisfactory  to  me,  as  wo  have  not  sufficient 
length  of  dead  level  line  to  get  these  speeds  as  accurate  as  they  ought  to 
he.  The  distance  we  have  to  run  for  these  trials  is  only  3  miles  with 
bad  curves  when  entering  to  the  level  portion  of  a  line.  They  may 
be  sufficient  to  meet  your  requirements,  but  they  are  not  sufficiently 
accurate  to  form  a  reliable  basis."  He  (Mr.  Pendred)  thought  it 
would  be  agreed  that  they  were  valuable  so  far  as  they  went,  but 
not  beyond  that  point.  The  interesting  point  was  that  there  was  a 
6-foot  10|-inch  wheel — the  tyres  pretty  well  worn — and  a  G-foot  5-g- 
inch  driving  w  heel.  On  looking  at  the  curves,  Fig.  58  (page  433),  it 
would  be  found  that  they  practically  bore  out  Mr.  Ivatt's  curve,  that 
is,  there  was  a  critical  point  which  depended  on,  and  could  be  regulated 
by,  the  type  of  engine,  and  in  tho  present  case  possibly  also  by  the  size 
of  the  driving  wheels.  It  would  be  seen  that  between  CO  and  65 
miles  an  hour  the  lines  crossed.  Before  that,  in  the  early  stages  of 
{Continued  on  page  434.) 
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(Mr.  Vaughan  Pendred.) 

tlie  lower  speeds,  the  small  driving  wheel  had  altogether  the 
advantage — it  was  a  freer  running  engine.  But  when  one  got  over 
those  speeds  it  would  be  found  that  the  small-wheeled  engine  was  at 
a  disadvantage.  Mr.  Sisterson  had  plotted  out  the  curve  from  the 
diilerent  diagrams  which  were  taken,  and  it  would  be  seen  that  they 
agreed  wonderfully  wellwith  what  Mr.  Ivatt  had  given.  He  thought 
that  as  a  rule  one  was  very  apt  to  forget,  in  speaking  about  the 
power  of  an  engine,  what  a  very  small  draw-bar  pull  represented. 
It  was  a  very  considerable  j)roportion  of  the  power  exerted  in  the 
case  of  high  speeds.  The  tractive  effort  of  5-128  lbs.  at  71  miles 
an  hour  was  a  horse-power.  If  one  got  anything  like  2  tons  of 
tractive  effort  it  meant  a  very  large  power.  So  that  with  a 
locomotive  the  resistance  it  encountered,  even  if  moderate — it 
might  be  air-resistance  or  other  resistance,  he  could  not  tell — 
represented  a  very  high  I.H.P.  at  great  speeds.  On  working  out  one 
of  the  diagrams  sent  by  Mr.  Whale,  taking  one  of  them  haphazard,  at 
60  miles  an  hour,  the  locomotive  was  using  444  H.P.  out  of  the  1,170 
which  was  used  up  by  the  train,  taking  the  weight  of  the  train 
and  the  weight  of  the  engine  together.  It  was  seen  that  the 
resistance  of  the  engine  was  enormously  greater  per  ton  than  the 
resistance  of  the  train.  Why  was  that  ?  He  did  not  know,  and  he 
had  never  met  with  anybody  who  could  tell  him.  Here  then  was  a 
subject  for  investigation.  The  Italian  Engineers  maintained  it  was 
head-resistance  or  air-resistance,  and  they  put  in  front  of  the  engines 
cut-airs,  and  modified  the  leading  end  of  the  engine,  with,  as  they 
said,  good  results.  But  it  seemed  to  him  that  for  the  very  high  speeds 
now  being  obtained,  with  the  very  long  trains,  there  was  a  new 
departure  in  locomotive  practice ;  and  it  was  desirable  that  some 
enquiry  should  be  carried  out  in  order  to  ascertain  definitely  what 
would  lessen  that  large  element  of  resistance,  and  to  find  out  whence 
the  resistance  came,  whether  from  the  air,  or  from  the  machinery,  or 
from  both. 

Mr.  G.  E.  SiSTEESON  said  that,  when  Mr.  Drummond  undertook 
to  make  the  experiments,  he  was  aware  at  the  time  that  on 
the  London  and  South  Western  Eailway  there  was  scarcely  a 
suitable  portion  of  the  line  upon  which  such  experiments  could  be 
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luado.  It  wiiH  iiocessary  that  there  slioiild  bo  a  long  stretch  of  level 
road,  but  it  liajiiK'nia  thut  in  no  part  ..f  the  lino  wjih  thoro  a  Htretcb 
of  level  longer  than  about  2^  miles.  The«o  experimontu  were  made 
on  a  i>orti(>n  of  level  line  t^•nninutin^,'  in  a  dea<l  »nd,  running  down  a 
slight  grade,  and  eommencing  on  the  level  with  a  curve.  CoUHiderable 
power  was  expended  in  driving  the  locomotive  round  the  curve,  and 
steam  could  not  bo  kept  on  very  long  or  the  engine  would  have  bten 
througli  the  bnlVer  stops.  The  result  was  that  ho  could  not  say 
acceleration  had  been  avoided.  A  i>eakod  speed-indicator  diagi-ani 
was  obtained ;  but  though  every  care  was  taken  to  get  the  indicator 
diagram  ou  the  peak,  he  could  not  be  absolutely  certain  that  it  was 
obtained  there.  That,  therefore,  to  a  certain  extent  spoiled  the 
reliability  of  the  tests. 

The  diagrams,  Fig.  56  (pages  430-431),  were  obtained  from 
engine  No.  706,  and  ho  thought  they  would  bo  found  interesting. 
Commencing  with  slow  speeds,  they  showed  how  the  height  of  the 
diagram  varied  with  the  speed,  and  also  how  the  back-pressure  varied 
with  the  speed.  At  the  highest  speed  there  was  a  very  sharp  hard 
blast,  and  there  was  an  irregular  pounding  action  of  the  pistons  in  the 
cylinders.  That  was  always  noticeable  in  an  engine  working  with  a 
long  cut-oflF  at  high  speed.  Part  of  that  action  was  due  to  the  high 
back-pressure,  but  only  part  of  it.  The  rest  he  thought  was  due  to 
the  reciprocating  parts.  For  instance,  at  70  miles  an  hour,  300 
revolutions  per  minute,  it  took  at  the  commencement  of  the  stroke 
something  like  80  lbs.  pressure  to  give  the  parts  their  proper 
acceleration,  and  the  acceleration  amounted  to  something  near 
1,000  foot-seconds  per  second.  It  would  be  seen  that  actions  like 
that  would  have  a  considerable  effect  upon  the  piston,  consequently 
one  required  in  the  front  part  of  the  diagram  a  great  height,  and  at 
the  finish  of  the  diagiam  nothing  at  all,  because  the  work  done  on 
the  reciprocating  parts  was  of  course  given  out  at  the  last  part  of  the 
stroke.  Hence  it  would  be  seen  that  it  was  absolutely  necessary  to 
have  short  cut-offs  for  high  speed  and  a  great  height  in  the  diagram. 
Taking  the  last  diagram  but  one,  one  got  a  turning  movement  as 
nearly  regular  as  it  was  possible  to  obtain  from  any  engine,  and  that 
ensured  the  high  speed. 
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The  discussion  liad  reference  to  compound  engines,  and  the 
question  was,  what  was  the  connection  which  his  remarks  had  with 
compound  running  ;  in  other  words,  what  was  the  chief  characteristic 
of  compound  running  at  high  sliced  ?  This  was  the  long  cut-off, 
and  his  experience  was  that  there  was  an  irregular  pounding  action 
of  the  piston  going  on  due  to  the  improper  acceleration  of  the 
reciprocating  parts.  The  indicator  diagram  of  a  compound 
locomotive  had  not  sufficient  height  in  the  early  portions.  On 
referring  to  page  368  of  the  Paj)er,  it  was  stated  "  It  must  be  noticed 
that  short  cut-off  is  not  resorted  to,  especially  at  high  speed."  That 
was  because  in  a  compound  engine  one  would  not  get  a  reasonable 
distribution  of  work  in  the  two  cylinders  with  short  cut-off. 
Consequently  it  was  impossible,  with  a  compound  engine,  to  resort 
to  a  short  cut-off. 

In  July  1902  he  had  had  some  experience  of  the  running  of 
Midland  express  engines  at  Leeds,  and  he  happened  to  be  there  when 
the  first  compound  was  put  to  work,  and  was  able  to  make  some 
observations  ae  to  the  efficiency  of  both  classes  of  engines.  The 
compound  engine  was  taking  its  turn  and  doing  its  work 
well  with  the  other  normal  or  high-pressure  engines.  But  he 
always  noticed  a  cut-off  of  50  per  cent,  and  a  pounding  action 
going  on  in  the  cylinders.  He  could  not  make  out  from  his  own 
observations  that  there  was  any  gain  or  saving  by  compound  engines 
compared  with  the  normal  type.  But  the  grade  on  which  these 
runs  were  made  was  not  suitable  for  a  compound  engine  to  show  at 
its  best.  It  was  a  long  up-hill  of  50  miles,  of  1  in  100  or  so,  and 
then  a  long  drop  into  Carlisle.  He  could  quite  understand  that 
those  engines  would  do  much  better  on  the  southern  portion  of  that 
line.  It  was  known  that  the  four-cylinder  compounds,  which  were 
especially  the  subject  of  the  present  Paper,  were  doing  very  well 
indeed,  but  there  was  a  difference  between  those  compounds  and  the 
other  compounds  ;  the  pressure  was  much  higher — 225  lbs.  per 
square  inch  was  rather  an  excessive  pressure,  and  indeed  he  might 
almost  say  it  was  a  very  serious  reiaedy,  because  one  got  a  higher 
diagram,  and  the  action  of  the  reciprocating  parts  was  neutralised, 
due  to  the  increased  height  which  was  obtained  in  the  front  part  of 
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tlu'  diagram.  Also  the  wear  ami  Uar  of  the  firo-l>ox  when  working 
at  that  jirt'SHun-,  judging  by  wliat  it  was  at  17'>  lbs,  iiretMuro,  muj»t 
be  very  gn-ut.  The  dusignorK  uf  cuiuj>uuud  uugiucH  had  nut  been 
ignorant  of  thtsc  facts,  and  they  had  devised  mouus  for  getting  the 
cut-off  in  thi'  high-|)re8sure  cylinder  lus  sliort  slh  pofwible.  They  ha<l 
projKiRed  to  admit  steam,  automatically  or  otherwise,  into  the 
reservoirs,  so  that  sjme  work  was  done  in  the  low-preBSure  cylinder, 
when  cut-off  was  short  in  the  high-pressure  cylinder.  That,  in  his 
opinion,  was  a  bad  remedy,  because  it  increased  the  back-pressure 
in  the  high-pressure  cylinder.  Moreover,  it  was  not  compounding 
at  all,  and  it  was  bad  in  practice  to  turn  fresh  steam  from  the  boiler 
into  steam  which  has  done  a  certain  amount  of  work  already,  and 
was  therefore  partially  expanded.  Consequently,  there  must  bo  loss 
there.  Another  point  was,  that  if  one  could  not  get  a  short  cut-off 
with  the  compound — and  it  seemed  certain  one  could  not — how 
could  those  great  variations  in  power  which  were  demanded  of  the 
locomotive  be  brought  about?  At  one  minute  the  engine  was 
developing  800  H.P.,  and  in  another  two  or  three  minutes — say, 
after  having  climbed  the  bank — it  was  desired  to  link  up  as  short 
as  possible,  and  only  allow  sufficient  steam  to  enter  the  cylinders  as 
to  neutralise  the  friction  of  the  reciprocating  parts  ;  gravity  did  the 
rest.     That  could  not  be  done  with  the  compound  engine. 

Referring  to  the  curve.  Fig.  5S  (page  433),  he  had  cited  reasons  why 
the  power  on  those  curves  should  be  high.  For  instance,  the  top  curve 
was  for  the  large-wheeled  engine,  but  with  the  power  required  was 
really  less  than  that  shown,  because  the  engine  had  been  a  long  time 
out  of  the  shops.  Some  of  their  electrical  friends,  on  the  strength 
of  that,  would  say  that  the  steam  locomotive  was  an  uneconomical 
machine  because  it  required  012  H.P.  to  drive  the  machine  alone, 
and  that  seemed  excessive.  But  it  must  be  borne  in  mind  that  the 
machine  was  being  driven  72  miles  an  hour  against  very  rough 
weather  and  high  winds,  and  he  could  not  assume  that  there  was  a 
less  air-pressure  than  -40  lbs.  per  square  fixjt.  Allowing  for 
irregularity  of  contour,  he  would  say  that  on  that  locomotive  there 
was  a  surface  of  100  square  feet,  so  that  out  of  4,800  lbs.  of  traction 
4,000  was  accounted  for  at  once  in  that  way.     It  was  stated  in  th^ 
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popular  press  that  one  electrical  H.P.  could  be  developed  for  an 
expenditure  of  1  lb.  of  coal,  and  that  the  locomotive  would  take 
5  lbs.  to  develop  1  H.P.  That  statement,  however,  was  far  from 
being  the  case.  With  engine  No.  607  they  had  got  down  to  within 
a  bare  fraction  of  2  lbs.  per  H.P.,  and  he  had  no  doubt  that  on  a 
carefully  arranged  trial,  and  by  the  application  of  a  feed-water 
heating  arrangement  devised  by  Mr.  Drummond,  one  could  get 
down  to  Ij  lbs.  per  H.P.  The  notion  that  the  high-pressure 
locomotive  was  an  uneconomical  machine  had  arisen  no  doubt 
largely  from  the  bad  performance  of  engines  fixed  on  land,  working 
with  low  pressure,  low  piston-speeds,  and  long  cut-offs.  On  the 
London  and  South  Western  Railway  there  were  tank  engines  doing 
suburban  work  at  the  usual  suburban  speed,  drawing  loads 
equivalent  to  18  six-wheel  coaches,  which  had  been  brought  down  to 
a  consumption  of  about  25  lbs.  of  Welsh  coal  per  mile.  He 
regretted  very  much  that,  owing  to  the  shortness  of  time  for  the 
trials,  and  the  difficulties  of  the  grades,  Mr.  Drummond  had  not  had 
time  to  thrash  the  matter  out,  but  perhaps  at  some  future  time  he 
might  be  able  to  do  so. 

Mr.  0.  Eous-Marten  said  he  had  had  no  intention  of  taking  part 
in  the  discussion,  but  it  had  been  suggested  to  him  from  several 
quarters  that  he  might  possibly  be  able  to  say  something  that 
would  be  interesting  about  the  French  compound  engines  under 
discussion,  inasmuch  as  he  had  perhaps  had  more  experience  with 
them  in  the  way  of  experiments  than  most  people.  But  before 
entering  into  that,  he  wished  to  say  how  much  he  appreciated  the 
most  admirable  Paper  which  M.  Sauvage  had  given  to  the  Institution. 
He  thought  that  Paper  must  have  conveyed  a  new  light  to  many  in  this 
country  as  to  what  was  being  done  abroad.  He  had  seen  it  written 
and  had  heard  it  said  that  he  was  an  enthusiast  with  regard  to 
those  French  compound  engines.  It  might  be  that  he  was  so  now, 
but  that  was  entirely  owing  to  what  he  had  seen  them  do.  When 
he  paid  a  casual  visit  to  France  seven  years  ago,  he  was,  of  course, 
aware  that  compound  engines  were  working  in  that  country.  But  he 
did  not  know  what  they  were  like,  or  what  they  were  doing,  any 
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moro  than  dill  thoiuajorityof  cuginoerH  in  Englund,  us  Lc  fuuml  when 
lio  eamo  back.  Ou  an  ordinary  passougor  train  from  CulaiH  to  PuriK 
ho  found  one  of  those  engines  taking  a  train  of  twenty  coaches, 
and  timed  faster  tlmn  any  train  in  (ireat  Britain  for  the  same  distance 
at  that  period  ;  and  wlien  he  found  that  engine  gaining  18  minntcs 
during  the  journey,  ho  couhl  not  help  recognising  that  ho  had  come 
face  to  face  with  a  class  of  work  which  was  hitherto  very  rare,  in 
his  experience,  if  not  altogether  unknown.  He  accordingly  began  a 
Beries  of  observations,  which  he  had  carried  on  at  intervals  during 
the  seven  years  which  had  elapsed  since.  He  was  very  much 
indebted  to  M.  Du  Bousquet  for  his  assistance.  That  gentleman 
had  been  good  enough  to  afford  him  the  use  of  a  dynamometer  car 
and  a  staff  of  able  assistants,  and  with  those  aids  he  had  been  able 
to  make  a  number  of  observations,  the  results  of  which — at  least 
some  of  them — had  been  publislied  from  time  to  time,  though  many 
remained  unpublished. 

In  Table  1  (page  337)  would  bo  found  a  record  of  several  journeys 
made  by  the  train  known  as  the  "  Xord  Express,'  hauletl  by  the  tii-st 
engine  put  to  work  of  the  "  Atlantic  "'  type  of  the  de  Glehn  and 
Du  Bousquet  compounds.  The  last  instance  given,  which  was  a  run 
on  the  13th  October  1900,  was  that  in  which  a  load  was  taken  of 
365  French  tons — as  a  matter  of  fact  365^ — and  it  was  almost 
exactly  31*0  Englisli  tons  behind  the  tender.  It  would  be  seen  that 
the  journey  of  95J  miles,  Paris  to  St.  Quentin,  was  done  in  ninety- 
Beven  minutes.  That  agreed,  within  a  few  seconds,  with  his  own 
experiment.  But  in  addition  to  that,  what  it  did  not  state  was  that 
there  was  a  signal  stop,  or  practically  a  stop,  for  the  train  was 
hardly  moving  for  nearly  half  a  minute  in  the  station  yard  of 
St.  Quentin,  and  two  signal  checks  at  an  earlier  period  of  the 
journey.  One  could  not  allow  less  than  three  minutes  for  those 
delays ;  and  if  so,  the  engine  took  those  360  English  tons  a  distance 
of  over  95  miles  in  the  net  time  of  ninety-four  minutes,  over  a  roatl 
which  had  one  continuous  bank  of  13  milas  with  a  gradient  of  1  in 
200.  Up  that  bank  the  speed  never  fell  below  52  miles  an  hour, 
and  after  dropping  from  that  point,  when  a  little  aiisistance  was 
gained  by  admitting  high  pressure  into  the  low-pressure  cylinder, 
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a  speed  of  57  miles  was  maiutained  until  the  summit  was  passed. 
On  the  downward  grade  the  regulation  limit  of  120  kilometres,  or 
74*6  miles  an  hour,  was  strictly  adhered  to,  as  it  had  been  in  almost 
all  the  experiments  which  he  had  made. 

He  had  made  observations  with  these  "  Atlantic "  engines  on 
every  main  line  in  France ;  but  the  larger  number  had  been  made  on  the 
line  which  was  most  accessible  from  England,  namely,  the  Northern 
of  France ;  therefore  he  referred  in  his  remarks  principally  to  that. 
On  the  particular  occasion  of  which  he  spoke,  M.  Du  Bousc[uet 
invited  him  to  go  over.  While  there  he  made  what  he  might  term 
two  surprise  visits.  On  one  occasion  there  were  305  tons  behind  the 
tender,  equal  to  thirty  coaches  on  the  South  of  England  lines,  and 
for  10  miles  on  the  level  or  really  on  slightly  rising  ground, 
similar  to  that  from  London  to  Didcot  on  the  Great  Western, 
305  tons  were  steadily  hauled  at  the  regulation  speed  of  120 
kilometres,  or  just  under  75  miles  an  hour.  That  performance  ho 
had  not  seen  elsewhere.  In  the  third  case  there  were  309  tons 
behind  the  tender,  and  the  13-mile  bank  was  started  at  a  speed  of 
100  kilometres,  or  62  •  1  miles  per  hour.  The  bank  was  climbed  at 
a  speed  of  62  miles  an  hour  from  top  to  bottom.  With  a  load  of 
270  tons  the  Caffier's  bank  was  ascended  at  a  speed  which  never 
fell  below  53  miles  an  hour,  and  was  maintained  for  eight  miles,  the 
grade  being  1  in  125. 

Without  entering  into  more  detail,  he  thought  those  facts  spoko 
volumes  for  the  capacity  of  the  engines.  He  fully  recognised  that 
it  was  possible  some  British  engines  might  be  able  to  do  the  same 
thing  ;  some  of  the  new  ones  ought  to  be  able  to  do  it,  but  he  could 
not  speak  of  that.  He  was  waiting  to  see  it  done,  and  when  it  was 
accomplished  no  one  would  be  more  pleased  to  mention  it.  But  he 
thought  there  were  several  reasons  why  the  engines  designed  by 
M.  Du  Bousquet  on  the  de  Glehn  compound  system  did  so  well. 
In  the  first  place,  there  was  the  advantage  which  they  enjoyed,  in 
common  with  all  compound  engines,  of  using  high-pressure  steam  a 
second  time  at  a  lower  pressure,  without  exhausting  it  into  the 
atmosphere  with  a  large  amount  of  work  still  unused.  Secondly,  he 
thought  those  particular  compound  engines  were  able  to  do  that  with 
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iiioi'o  iiilvikiitn^^c,  u\\iii<4  to  their  udiiiii.ilik:  ]in>])i)rti()UK  an  regarded 
tbo  nitio  botwocn  the  lii|^li-  uiid  tho  low-pruHsurc  cylinders.  Tiiirdly, 
be  roganlotl  it  iis  nu  ftdvaiitaj?o  that  tho  high-  and  low-proHBuro 
cylinders  drove  diff«;ront  axles.  Tho  low-pressure  cylinders  wore 
placed  insido  driving  the  front  collided  wheels,  and  tho  high-presKure 
cylinders  outsidu  drove  the  bicond  puir  of  coupled  wheels.  By  that 
means  it  seemed  to  him  that  there  was  produced  loss  strain  on  the 
single  axle,  and  there  was  a  Ixsttcr  counter-bohincing  of  tho 
reciprocating  parts.  The  next  adviintago  was  the  high  pressure  at 
which  the  steam  was  used,  namely,  228  lbs.  per  square  inch.  There 
was  also  the  Walschacrts  valve-gear  which  gave  an  admirable 
distribution  of  steam.  Another  point  was  the  large  size  of  the 
boiler  which  had  2,300  scpiare  feet  of  heating  surface.  Then  there 
was  the  power  of  working  eitlicr  non-compound  or  semi-compound 
when  advisable.  Others  were  the  separate  eut-oti"  for  tho  high-  and 
low-pressure  cylinders,  the  facilities  provided  for  ensuring  a  very 
quick  start,  and  the  angle  at  which  the  cranks  were  set.  It  was  a 
pleasura  to  him  to  remember  that  the  engines  under  discussion  were 
designed  by  a  gentleman  who  was  a  fellow-countryman  and  a 
brother  Englishman  with  themselves. 

Mr.  Henry  Le.a,  Member  of  Council,  remarked  that  Mr.  Ivatt 
made  a  most  interesting  statement,  namely,  that  when  a  driver 
wished  to  run  long  distances  and  consume  during  the  journey  the 
smallest  amount  of  water,  he  did  not  act  according  to  the  text  books 
but  let  his  engine  out  a  little  and  throttled  the  steam  at  the 
regulator.  Mr.  Sisterson,  he  understood,  said  that  it  required 
80  lbs.  per  square  inch  on  the  piston  to  produce  the  acceleration 
of  the  reciprocating  parts  at  one  of  those  high  speeds.  He,  Mr.  Lea, 
thought  that  statement  was  very  likely  correct.  He  suggested  that 
those  two  statements  were  quite  consistent  and  explained  matters. 
If  80  lbs.  per  square  inch  was  sufficient  at  the  turn  of  the  stroke  to 
produce  the  acceleration,  all  the  pressure  above  80  lbs.  was  simply 
engaged  in  loading  up  tho  bearings  at  tho  turn  of  the  stroke,  at  a 
time  when  the  piston  was  doing  no  useful  work  and  thereby  causing 
a  frictional  load  upon  an  engine,  that  load  discounting  the  draw-bur 
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pull.  So  that  if  tlie  boiler  pressure  was  175  lbs.  per  square  inch,  and 
one  linked  up  and  put  the  regulator  wide  open  until  the  pressure 
was  170  lbs.,  while  80  lbs.  was  sufficient  for  the  acceleration,  90  lbs. 
on  the  square  inch  was  engaged  in  doing  nothing  but  wasting  power. 
If  that  were  so,  it  Avas  easy  to  see  why  the  driver  throttled  the 
regulator  and  let  the  engine  out  a  bit.  In  doing  so  he  probably 
was  actuated  by  his  experience,  and  carried  out  the  process  until  the 
initial  pressure  on  the  piston  was  reduced  to  80  or  90  lbs.  per 
square  inch.  The  driver  thereby  got  rid  of  the  whole  of  the  waste 
load  upon  the  large  crank-axle  bearings  and  upon  the  crank-pin ; 
and  it  was  possible  to  imagine  that  the  gain  from  doing  that 
compensated,  or  more  than  compensated,  for  the  loss  of  the  extra 
benefit  which  was  supposed  to  accrue  from  running  at  the  highest 
possible  degree  of  expansion  by  means  of  an  early  cut-off. 

j\Ir.  Druitt  Halpin  remarked  that  the  author  referred  to  play  in 
the  valve  spindles  (page  363) ;  but  it  was  not  at  all  clear  to  him 
(j\Ir.  Halpin)  what  arrangement  that  was  and  whether  there  were 
loose  valves.  He  could  hardly  think  that  could  be  possible  at  speeds 
such  as  were  under  discussion,  a  speed  of  250  to  300  revolutions 
per  minute.  Another  question  was  how  the  heating  surface  was 
measured  on  the  Continent,  whether  it  was  the  practice  to  measure 
the  ribs  or  whether  they  measured  the  tubes  alone.  The  author 
gave  some  details  of  the  Walschaerts  valve-gear  (page  367)  which 
was  very  largely  used  on  the  Continent,  working  with  one  eccentric, 
the  other  motion  being  obtained  from  the  cross-head  on  the  same 
side.  There  was  a  very  elegant  modification  of  that  gear,  which 
was  also  used  on  the  Continent  and  was  illustrated  in  "  Engineering" 
a  good  many  years  ago.*  But  there  were  a  number  of  those  engines, 
eight-coupled,  built  for  going  up  a  heavy  bank  at  Liege.  These  were 
designed  by  Mr.  Stevant,  who  was  one  of  the  chief  engineers.  In 
the  Walschaerts  valve-gear  one  eccentric  was  at  right  angles  to  the 
crank,  so  that  being  at  right  angles  it  did  not  matter  whether  it  was 
leading  or  following  the  crank,  and  advantage  was  taken  of  this  fact ; 

*  "Engineering,"  vol.  4,  1867,  12  July,  page  33. 


AlMlIU   1904.  OOMI>UUN1)    LOCUMUTIVKM    IN    KUANOI.  413 

ami  inBtead  of  ])uttin^  on  n  soparato  cciontric,  he  drovo  from  tbu 
cruBH-huud  of  tho  othor  sido  und  cttrricd  ii  shuft  uoroHu  Ujo  eugiiie,  and 
tho  link  was  at  tho  end  of  tho  shaft.  l(y  that  meann  he  obtainoti  b<ith 
hid  niotionK  in  an  tdegant  way,  and  without  any  of  the  sliding  friction 
duo  to  an  eccentric. 

Tho  author  montionod  that  "  some  contrivances  are  ncooaaary  tu 
avoid  exccsHivo  comprossiou  in  compound  locomotives  "  (page  368). 
The  author  then  went  on  to  say  "  a  much  larger  clearuuoo  than 
U8Ual  must  be  resorted  to."  Engiuoerii  hud  not  hitherto,  so  fur  aw 
ho  knew,  looked  upon  clearance  as  any  particular  blusaing,  and  lie 
did  not  sup])O60  engineers  did  so  in  the  present  case.  IIo  thuuglit 
that  very  large  clearance  must  to  a  largo  extent  have  arisen  from 
their  own  necessities.  The  trouble  of  first  getting  steim  into  the 
cylinders,  and  secondly — which  was  worse  still — getting  it  out  of 
tho  cylinders,  was  great  ;  and  he  was  almost  confirmed  in  that  by 
what  ho  saw  thut  day.  M.  Sauvago  was  kind  enough  to  show  him 
another  set  of  diagrams  which  ho  had  brought  over,  at  remarkably 
high  speeds,  at  about  60  miles  an  hour,  and  ho  had  never  seen 
anything  like  them  before.  They  were  like  the  diagram  shown  by 
Mr.  Ivatt  (page  419) — a  dead  sti-aight  admission  line  and  then  an 
expansion  curve.  If  they  could  produce  a  diagram  of  that  kind 
with  the  admission  held  up  in  that  way  the  ports  must  be  abnormal, 
perhaps  one-tenth  or  even  one-eighth  of  the  cylinder  area.  That  would, 
of  course,  to  a  very  large  extent  account  for  their  clearance,  which 
was  made  up  of  tho  distance  between  the  pistons  and  cylinder-cover 
as  one  part  of  the  volume,  and  the  port  area  into  its  length  as  the 
other  part  of  the  volume. 

He  agreed  with  the  author's  statement  about  the  great  necessity 
of  suitable  sized  steain-pipes.  There  was  no  use  in  getting  enormous 
pressures  of  200  lbs.  and  upwards,  and  then  losing  anything  up  to 
20  per  cent,  by  throttling  down,  due  largely  to  the  steam-pipe.  He 
thought  steam-pipes  should  be  large,  but  then  one  got  into 
difficulties,  because  most  of  the  time  those  steam-pipes  were  working 
in  the  reverse  condition  to  all  other  steam-pii>es,  namely,  in 
compression.  If  they  were  made  of  large  volume,  they  were 
decreasing  the  already  very  small  steam  space  in  the  boiler.  But 
that,  like  all  other  (|uesti"ns,  must  be  a  matter  of  compromise. 
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Tlie  author  referred  (pnge  370)  to  a  system  of  cranks,  and  also 
on  the  same  page  to  the  use  of  superheating.  Those  who  were 
interested  in  either  of  those  points  would  find  a  complete  handling 
of  the  matter  in  some  of  the  last  numbers  of  the  Proceedings  of  the 
Society  of  CTcrman  Eugiaeers,  In  many  of  the  engines  under 
discussion  he  noticed  t|iat,  possibly  on  account  of  the  weight  of  the 
pistons,  the  tail-rods  had  been  carried  through  the  front  of  tho 
leading  end  of  the  cylinders  in  the  hope  of  saving  the  cylinder  and 
supporting  the  j)iston.  But  he  never  could  see  the  use  of  that 
arrangement,  unless  one  got  a  good  cross-head  outsido  and  something 
to  carry  the  weight.  The  area  obtained  on  the  stuffing-boxes  was 
exceedingly  restricted  and  was  of  very  varying  nature,  because 
one  part  of  it  was  partly  yielding  packing,  and  he  thought  it  was 
very  much  like  what  tho  late  JMr.  Aveling  called  an  "  atmospheric 
bearing  "  unless  one  had  a  good  cross-head  outside  it. 

Mr.  Eobinson  referred  (page  399)  to  the  length  of  the  grate. 
On  the  scale  drawing,  Fig.  11,  Plate  53,  they  were  9  feet  3  inches 
long.  He  very  much  doubted  the  advantage  of  grates  of  that  length, 
because  men  could  not  fire  them  properly ;  they  could  not  keep  the 
leading  ends  of  the  grates  properly  filled,  and  he  thought  it  was 
very  like  the  striving  after  the  enormous  heating  surfaces  which  were 
common  on  the  Continent  forty  or  fifty  years  ago.  They  wanted  to 
get  an  enormous  amount  of  heating  surface,  but  they  got  it  by 
leaving  clearances  of  as  little  as  three-eighths  of  an  inch,  something 
which  was  shown  by  experience  to  be  impossible.  When  a  number 
of  those  tubes  were  taken  out  and  a  smaller  heating  surface  obtained 
and  a  better  clearance,  very  much  better  results  were  forthcoming. 

Mr.  Sisterson  spoko  of  fuel  consumption  in  locomotives,  and 
said  that  it  was  about  2  lbs,  per  I.H.P.  per  hour.  He  could  well 
believe  that,  for  2  lbs.  to  2^  lbs.  for  well-maintained  locomotives 
was  not  at  all  unusual.  He  (Mr.  Halpin)  believed  the  locomotive 
to  be  one  of  the  most  economical  engines  which  man  had  ever 
made,  if  it  was  not  the  most  economical,  for  it  had  to  be  borne 
in  mind  what  the  2^  lbs.  of  coal  represented.  It  represented 
taking  hold  of  a  crank-pin  and  driving  it,  and  that  had  the  most 
direct  connection  with  its  own  work  (which  was  the  rail  underneath) 
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of  luutit  (.'lasseti  of  iiiacliinoK.  If  I'hx'trical  cugineera  tli«iu^iit  tbuy 
wero  Jriviug  with  2  ll>8.,  ur  anything  uIkci  which  thuy  liked  tu  uumu, 
and  took  into  account  nil  their  Iosbuh  until  they  obtiinod  thoir 
dniw-luir  i>ull,  they  would  find  it  would  como  out  at  u  very  much 
liighor  fif^iirt'. 

M.  Sauvage,  in  replying;  to  tho  discusuiun,  doeirod,  in  the  flrKt 
placo,  to  express  his  hearty  thanks  for  tho  manner  in  which  his 
I'ajior  had  boim  received,  and  for  the  numerous  cuuiplimeuts  of 
which  he  had  been  tlie  recipient,  llu  had  been  much  touched  by 
that  kind  reception,  and  it  hud  been  a  groat  pleasure  to  him  to  be 
present  at  that  meeting. 

Mr.  Ilobiusou  (page  399)  had  referred  to  tho  diameter  of  tho 
wheels  of  the  engines,  and  observed  that  the  engines  under 
discussion  had  wheels  somewhat  smaller  for  express  traffic  than 
those  in  England,  tho  diameter  of  the  wheels  of  such  engines  in 
France  being  about  2  metres  (6  feet  6  inches),  while  in  England  the 
diameters  wero  a  little  more.  The  difference  was  not  great,  and  the 
question  was  whether  there  was  room  to  put  very  big  wheels  such  as 
were  formerly  used  for  express  locomotives.  The  barrel  of  the 
boiler  had  been  raised  so  as  to  como  above  the  wheels ;  and  if  it 
were  desired  to  have  equally  big  wheels  again,  the  diameter  of 
boiler  would  have  to  he  restricted,  and  that  would  bo  an 
inconvenience.  Moreover,  the  weight  of  the  wheel  itself  increased 
with  its  diameter,  and  that  weight  was  not  suspended.  For  that 
reason  ho  believed  that  the  G-foot  G-inch  wheels,  though  perhaps  a 
little  small  from  some  points  of  view,  could  not  be  largely  increased 
with  advantage.  It  must  also  be  remembered,  when  speaking  of 
fast  trains  that,  after  all,  the  maximum  speeds  of  former  years  had 
not  been  much  increased.  What  had  been  improved  upon  was  tho 
speed  on  the  level,  and  particularly  in  going  up  banks,  resulting  in 
a  very  definite  increased  average.  The  downhill  speeds  now 
accomplished  were  but  little  in  advance  of  those  of  a  former  dav. 
From  those  consideiiitions  there  seemed  to  be  no  essential  reason 
for  increasing  largely  the  diameter  of  the  wheels,  and  if  it  wero 
desirable  it  would  l>e  difficult  to  accomplish. 


4.4:0  COMPOUND   LOCOMOTIVES   IN    FRANCE.  ArniL  1904. 

(^I.  Sauvage.) 

An  important  point  raised  by  Mr.  Eobinson — which  was  also 
referred  to  by  Mr.  Druitt  Halpin — was  the  length  of  the  grate  which 
was  supposed  to  cause  difficulties  in  stoking.  Some  of  the  grates  in  the 
engines  under  consideration  were  over  3  metres  long  (9  feet  6  inches). 
That  length  of  grate  might  at  first  appear  to  be  a  defect,  but  it 
must  not  be  forgotten  '  that  those  grates  were  not  horizontal  but 
sloped  downwards  from  the  footplate,  so  that  it  was  not  difficult  for 
the  fireman  to  throw  the  coal  from  the  door  to  the  end  of  the  grate. 
Moreover,  coal  deposited  close  to  the  furnace  door  ran  down  towards 
the  far  end  of  the  grate,  owing  to  that  slope  and  the  shaking  caused 
by  the  working  of  the  engine.  It  was  something  like  the  ski 
jumping  in  Norway ;  the  men  jumped  very  long  distances  because 
the  jump  took  place  on  sloping  ground  over  which  they  glided  at  a 
great  speed.  A  few  days  ago  he  was  watching  a  fireman  on  one  of 
the  "  Atlantic  "  engines  attached  to  the  Paris-Orleans  express.  The 
train  was  heavy  and  the  speed  good,  and  the  man  shovelled  on 
about  200  lbs.  of  coal  every  four  minutes ;  he  did  not  appear  to  have 
much  difficulty  nor  to  get  particularly  tired.  Such  work  could  not 
last  very  long ;  no  stoker  had  to  do  it  more  than  three  or  four  hours 
at  a  stretch,  and  the  firing  could  be  done  under  good  conditions. 

Mr.  Eobinson  had  also  asked  whether  any  trouble  was  experienced 
on  account  of  leaky  tubes.  He,  M.  Sauvage,  could  say  that,  as  far 
as  he  knew,  there  had  never  been  any  trouble  from  leaky  tubes  ;  on 
the  contrary,  some  improvement  seemed  to  result  from  the  use  of 
the  Serve  tubes  in  those  particular  boilers.  That  might  be  due 
only  to  the  fact  that  there  were  fewer  tubes,  eighty  to  ninety, 
replacing  about  200  of  the  ordinary  sort :  if  there  was  one  case  of 
leaky  tube  in  fifty,  the  total  leakages  would  be  less  than  in  the 
ordinary  system.  But  one  remarkable  point  was  worth  mentioning, 
that  the  men  liked  the  new  tubes,  not  on  theoretical  grounds,  but 
because  they  found  them  more  easy  to  keep  in  order.  The  men  in 
the  locomotive  sheds  also  preferred  them.  For  his  own  part,  he 
had  been  a  little  surprised  to  learn  that,  because  he  thought  those 
tubes,  being  stiffer  and  hotter  than  the  ordinary  tubes,  would  expand 
a  little  more.  The  temperature  of  the  tube  was  higher  than  that  of 
the  ordinary  tube,  because  the  (quantity  of  metal  in  it  was  greater 
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aiul  tho  ribs  were  houtcil  ut  a  higher  U'lupcratiire,  ami  h«!  thouglit 
that  i»n  this  ufcount  thoy  wouhl  hv>  moro  likely  to  glide  through  tho 
holes.  Ihit  that  ac-lion  was  uot  exporionced  ;  indeed  the  cases  of 
loakrtg(*  wore  very  fow. 

^Vith  regard  to  Mr.  llalitin's  quoBtion  (page  142)  as  to  what  wis 
the  usual  way  of  laeaKuring  tho  heating  surfaco,  divei-so  views 
were  at  first  expressed  on  tho  subject,  but  recently  French  locomotive 
superintendents  agnod  to  adopt  precine  rules  kg  aw  to  make  fair 
conipuriisons.  Tho  practice  now  was  to  take  tho  whole  surface  in 
contact  with  the  hot  gases,  so  that  it  included  the  projecting  i)arts 
inside  tho  tube. 

Mr.  Churchward  had  spoken  about  tho  conipariHon  of  the 
four-cylinder  compounds  running  on  the  Great  Western  liailway  and 
tho  very  powerful  and  fine  simple  engines  built  to  work  the  same 
services.  The  boiler  pressure  was  about  the  same.  If  ho  understood 
rightly,  the  boiler  pressure  first  used  by  Mr.  Churchward  was  200  lbs. 
per  square  inch,  and  he  believed  that  gentleman  intended  to  raise 
the  pressure  to  225  lbs.  per  square  inch,  so  as  to  have  exactly 
tho  same  pressure  as  in  tho  compound.  Mr.  ChurchwarJ's 
experiments  were  exceedingly  interesting.  First,  it  was  proved  by 
them  that  tho  same  service  could  be  got  out  of  properly-designed 
simple  locomotives  ^\'ith  two  cylinders  as  out  of  the  four-cylinder 
compounds.  But  the  comparison  would  certainly  go  further ;  it 
would  also  be  seen  what  was  the  coal-consumption  and  \shat  the 
maximum  possible  power  of  the  engine.  The  idea  expressed  by  the 
French  locomotive  sujierintendeuts  was  that  they  wanted  more  work 
got  out  of  tho  same  quantity  of  coal,  and  that  was  obtained  by  tho 
compound  system. 

The  question  of  costs  was  one  of  great  interest,  and  it  was  to  be 
hoped  that  the  experiments  about  to  be  made  on  the  Great  "Western 
Railway  would  help  to  solve  that  important  problem.  A  mognificent 
experimental  station  had  recently  been  built  by  Mr.  Churchward  at 
the  Swindon  Works,  a  station  somewhat  like — and  in  some  respects 
it  might  be  better  than— tho  laboratory  at  Purdue  University  in 
America,  where  locomotives  could  be  tested  running  on  pulleys 
with  brakes,  under  perfectly  known  and  reliable  conditions  which 
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could  be  altered  one  by  one.  It  was  certain  that  the  testing  of  the 
different  locomotives  would  furnish  very  useful  data.  The  station 
built  at  Swindon  for  that  purpose  was  the  first  in  EuropCj  and  the 
Great  Western  Railway  and  its  able  superintendent  M'ere  to  be 
heartily  congratulated  on  having  taken  such  a  stcj). 

Mr.  Churchward  said  that  it  was  very  difficult  to  get  a  draw-bar 
pull  of  2  tons  at  a  speed  of  70  miles  an  hour,  and  everyone  who 
had  experience  of  locomotive  working  would  agree  with  bim.  Still, 
with  the  powerful  "  Atlantic  '*'  locomotive  in  use  on  the  Paris-Orleans 
Railway,  even  higher  pulls  had  been  obtained  in  some  cases.  Fig.  59 
(page  499)  showed  a  portion  of  a  record  of  the  dynamometer  car  on 
that  railw^ay,  and  it  would  be  seen  that  for  a  long  distance  the  pull 
was  2^-  tons,  and  the  speed  from  65  to  70  miles  an  hour.  Indicator 
tests  were  made  at  the  same  time,  and  the  diagrams  showed  that  the 
indicated  horse-power  came  up  to  nearly  1,900.  The  effective  power, 
that  on  the  draw-bar,  was  in  some  cases  over  1,800  and  1,400.  For  a 
length  of  13  kilometres  (8  to  9  miles),  the  draw-bar  pull  corresponded 
to  nearly  1,000  horse-jjower.  The  average  speed  was  69  to  70  miles 
per  hour,  and  the  main  draw-bar  pull  2,350  kg.,  or  21-  tons.  Thoi;e 
figures  were  in  proportion  to  what  had  been  done  on  the  Great 
Western  Railway,  as  the  Paris-Orleans  locomotive  was  a  little  more 
powerful — it  had  a  larger  boiler  and  larger  cylinders — than  the  one 
on  the  Great  Western  Railway. 

The  draw-bar  pull  was  the  most  important  point  to  be  considered, 
as  several  speakers  had  observed,  and  mention  had  been  made  in  tbat 
connection  of  the  possible  resistance  of  the  rolling  stock  in  France 
as  compared  with  that  in  England.  Members  were  aware  that  the 
question  had  been  very  fully  studied  by  Mr.  Aspinall,  who  had 
contributed  a  most  important  Paper  on  the  subject.*  No  doubt  in 
some  cases  the  resistance  per  ton  at  a  given  speed  caused  by  the 
rolling  stock  did  not  appear  to  be  the  same,  but  he  thought  there 
was  no  reason  to  suppose  that,  as  a  whole,  the  resistance  of  the 
Frencb  rolling  stock  would  be  less  than  that  of  the  English  rolling 


*  Proceedings,   The   Institution   of  Civil   Engineers,  1897-8,   vol.  cxxxiii 
page  13. 
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stock.  Still,  wlieu  bogie  carriages  were  used,  it  bad  been  fouud  ou 
tbo  Northern  Railway  that  the  resistance  was  somewhat  less  than 
with  the  old  ordinary  carriages. 

The  boiler  pressure  had  been  several  times  mentioned  in  the 
discussion,  and  it  was  the  only  source  from  which  trouble  or  increased 
expense  might  come.  High  pressure  was  Avanted  chiefly  to  make  a 
very  powerful  and  at  the  same  time  a  very  light  engine.  But  if  the 
question  of  combining  lightness  and  power  did  not  come  into 
consideration,  certainly  it  would  be  more  advisable  not  to  go  so 
high  as  200  to  225  lbs.  per  square  inch.  It  had  been  found 
that,  with  pressures  not  quite  so  high,  very  good  economy  might  bo 
obtained  on  compound  locomotives.  For  instance,  the  first  compound 
locomotive  used  on  the  Northern  Eailway,  No.  701,  which,  however, 
was  small  compared  with  those  built  now,  worked  at  only  a  pressure 
of  about  185  lbs.  per  square  inch,  and  was  still  the  most  economical 
engine  running.  But  he  thought  it  was  necessary  to  revert  to  the 
very  high  pressure  to  get  sufficient  power  out  of  an  engine,  which 
was  to  be  light,  and  not  to  exceed  certain  limit  weights. 

He  thought  all  engineers  were  of  the  same  opinion  regarding  one 
point  which  had  been  touched  upon  by  Mr.  de  Glehn.  He  believed 
that  Mr.  de  Glehn  did  not  quite  explain  what  he  wanted  to  say 
when  he  said  that,  by  the  use  of  two  cylinders  with  the  pistons 
exactly  opposed  to  each  other,  a  more  regular  turning  moment  could 
be  obtained.  Mr.  Churchward  objected  to  this,  that  the  turning 
moment  of  the  four-cylinder  engine  could  not  be  better  than  that  of 
the  two-cylinder  engine.  By  the  use  of  the  opposite  cranks,  the 
equilibrium  of  the  reciprocating  motion  was  obtained  without  counter- 
weights ;  it  was  well  known  that  counter-weights  used  to  balance 
horizontal  motion  gave  rise  to  a  vertical  perturbation,  causing  a 
continual  variation  of  wheel-pressure  on  the  rail.  With  counter- 
weights only  for  the  equilibrium  of  the  revolving  parts,  the  weight  on 
the  rail  did  not  vary  at  all,  and  the  locomotive  was  not  so  liable  to 
slip. 

The  experience  of  the  compounds  in  France,  and  especially  the 
experiments  on  the  Paris-Orleans  Eailway,  agreed  with  what 
Mr.  W.  M.   Smith  said   about   the  working  of  the   three-cylinder 
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rompouiul  un  Uiu  MitUautl  lUilway.  Mr.  SiuiiJi  ({wgu  405  i  Kaul  the 
^viirkiug  wa8  tHjually  ^ikmI  with  li^ht  aiul  with  hi-uvy  truinM  ;  it  tuunt 
lio  uudi'rstood  that  Mrheu  ouu  roforrtMl  to  light  train  weighii,  there 
wiu>  u  iH-rtjiin  limit  IkIow  which  it  wuuKl  nut  be  reoKonable  to  gu. 
It  wuuld  nut  bo  (ulvituiblc-  to  UBu  puwerful  eugiues  to  take  traiuH  of 
four  or  fire  carriageH,  but  with  the  ordinary  limitu  of  weightii  of 
trains  it  hud  been  found  on  tho  Midland  lUilway,  as  Mr.  Smith  ho^l 
Kuid,  that  tho  coal-consumption  VftM  economical,  whether  \uth  light 
or  with  heavy  traiuK. 

A  long  8c*rie8  of  cxporimente,  made  on  tho  Puris-Orleans  line  with 
trains  of  different  weights,  hud  nliown  u  8team-cou8umption  jK-r  hur«e- 
power  per  hour  never  differing  much  from  23  lljs.  Tho  horse-power 
was  neither  the  indicated  horso-j>ower,  nor  tho  power  calculatcil  from 
the  draw-bar  pull ;  but  it  was  the  horse-power  exerted  by  tho  whci-l 
on  the  rail,  and  that  power  was  calculated  from  the  reeulta  of  numerous 
cx|K'rimonti>  made  with  tho  use  of  the  dyuumuineter  car.  The  Puris- 
Orl^'ons  Railway  engineers  were  confident  that  they  could  calculate 
carefully  and  closely  the  effective  pull  exerted  by  the  wheel  on  the  rail, 
and  that  was  what  they  called  effective  horse-power.  They  found  that 
with  trains  of  220  tons  the  average  tsteam-cousumption  was  23  lb»». 
AVith  trains  of  2G0  tons  it  was  22  •  6  lb«.  With  heavy  trains  of  352  tons 
it  was  23 "7  lbs.  There  was  therefore  hardly  any  difference  in  the 
water-consumption  per  effective  hor8e-i>ower  per  hour  in  all  these 
different  cases.  When  one  came  to  practical  work  it  would  be  seen 
that  heavy  train  working  was  more  economical  than  light  train 
working.  It  was  most  definitely  so,  because  the  weight  of  the  engine 
was  a  smaller  proportion  of  the  weight  of  tho  whole  train. 

Very  minute  and  interesting  remarks  on  tho  subject  of  the 
possible  variations  of  speed  when  indicator  diagrams  were  taken  hail 
been  made  by  Mr.  J.  W.  Smith  (page  412  i,  esjKcially  with  regard  to  the 
diagrams  taken  on  the  Northern  Railway.  As  a  rule  tho  people  who 
nia«le  the  experiments  tried  to  get  a  uniform  speed  a  little  before  and 
a  little  after  taking  tho  indicator  diagram.  There  were  exhibited 
copies  of  records  on  the  Paris-Orleans  Railway,  a  section  of  which  was 
reproduced  on  Fig.  5'J  (page  449),  from  which  it  would  be  seen  that 
the  variation  of  speed  was  rather  small  at  the  time  the  diagrams  were 
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taken.  Those  would  be  deposited  at  the  Institution,  so  that  it  would 
be  possible  for  members  who  would  like  to  investigate  the  question, 
to  see  what  might  be  the  variation  of  speed  at  the  time  the  diagram 
was  taken,  and  to  calculate  the  effective  variation  of  speed. 

Mr.  Smith  made  a  very  correct  observation,  when  he  said  that  in 
France  a  large  improvement  in  the  train  service  Lad  taken  place  of 
late  years.  At  the  same  time  the  compound  engines  were  introduced 
to  work  that  improved  service.  But  it  was  not  quite  sound  logic  to 
say  that  therefore  the  improvement  of  the  service  was  due  to  the 
use  of  compound  locomotives.  The  two  facts  came  together,  but  that 
was  not  a  proof  that  one  was  a  consequence  of  the  other.  Certainly 
the  improvement  in  the  French  express  service  was  due  to  many 
causes ;  first  of  all,  to  the  need  for  improvement.  When  people 
wanted  to  do  something  they  tried  hard  to  do  it,  and  generally  they 
got  what  they  wanted.  The  improvement  in  the  rolling  stock,  the 
introduction  of  bogie  carriages,  the  improvement  in  the  permanent 
way  and  of  the  signal  system,  &c.,  came  into  play,  but  it  was 
reasonable  to  suppose  that  the  improvement  in  locomotives  in  France 
had  much  to  do  with  those  other  improvements,  and  it  seemed  certain 
that  if  the  new  stock  of  compound  locomotives  had  not  been 
introduced,  it  would  not  have  been  possible  to  improve  the  speed  of 
the  express  trains  with  their  extra  weights.  As  a  matter  of  fact, 
however,  both  had  been  improved  at  the  same  time.  A  remark  had 
been  made  by  Mr.  J.  W.  Smith  (page  413),  and  also  by  another 
speaker,  about  a  little  defect  in  the  four-cylinder  compounds,  namely, 
the  outside  pipes.  The  pipes  ran  from  the  top  of  the  boiler  to  the 
high-pressure  cylinder,  and  from  the  high-pressure  to  the  low- 
pressure  cylinder ;  that  second  pipe  was  very  short  indeed  and  well 
protected  under  the  plates.  Still,  there  was  a  certain  surface  of 
outside  pipe  exposed  to  the  cold.  Naturally  those  pipes  were  covered 
as  carefully  as  possible  with  non-conducting  materials,  and  he 
believed  the  loss  of  heat  was  not  very  large.  At  tbe  same  time,  if 
one  studied  this  question  minutely,  it  might  be  observed  that  in  the 
three-cylinder  compounds  in  Switzerland,  and  he  believed  also  on 
the  Midland  Kailvvay,  there  was  a  small  part  of  the  receiver  which 
was  in  contact  with  the  high-pressure  cylinder,  and  there  was  only 
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the  thiukiiL-.»8  of  tlu-  ^u^t  iion  — u  liltlu  nunc  than  1  inch — hutwccu 
tho  insido  uf  tho  high-prossuru  uyliuder  uad  tho  rocoiver.  Tbu 
trftusfor  of  hcut  from  tho  insido  of  tho  cylinder  to  tho  receiver  would 
result  in  some  \u&^.  If  ono  wanlrd  to  have  tlio  niont  jKirfect 
conditions  possible,  tho  exhuust  sto.ini  must  bo  taken  fr»m  onu 
cylinder  quite  away  from  that  cylinder.  But  it  might  bo  said  tliat 
all  tlieso  cases  were  «)f  small  practical  iniportance. 

Mr.  Ivatt  was  kind  enough  to  compliment  him  on  the  conversion 
of  metric  meusures  into  English  dimensions.  Tho  compliment  was 
not  duo  to  him,  but  to  tho  Secretary  and  staff  of  the  Institution,  who 
did  that  difficult  work  for  him. 

An  important  point  had  been  raised  by  Mr.  Sisterson  about  the 
working  of  steam  in  cylinders  (page  436 ),  and  that  gentleman  said 
it  was  very  important  to  have  a  shoi't  cut-off  at  high  speed,  because 
a  diagram  with  high  pressure  and  short  cut-off",  when  one  considered 
the  inertia  tracing  showing  the  effect  of  the  acceleration  of  the 
piston,  and  when  one  took  into  consideration  that  high  inertia  action, 
would  give  a  very  regular  turning  moment.  He  believed  that  if 
that  same  tracing  were  made  with  the  diagrams  of  the  compound 
engine,  that  is,  a  full  diagram  with  high  pressure  at  the  beginning 
combined  with  tho  inertia  line,  it  would  be  found  that  the  force  on 
the  piston  was  sufficiently  regular  too. 

It  had  been  said  that  tho  coraix)und  did  not  seem  designed  to 
give  economically  great  variations  of  power,  as  the  cut-off  was  always 
long  when  a  light  draw-bar  pull  only  was  required ;  but  a  short 
cut-off  might  be  resorted  t  j,  and  was  resorted  to,  in  the  high-pressure 
cylinders ;  then  the  receiver  pressure  dropped  to  almost  nothing. 
In  those  cases,  for  instance,  when  running  down  a  gradient  at  high 
speed  with  a  very  small  jmll,  the  diagram  of  the  low-pressun- 
cylinder  came  to  very  little  indeed.  He  did  not  see  that  there  was 
any  diflSculty  in  keeping  short  cut-offs,  from  20  to  30  instead  of  50 
to  60  in  the  high-jiressure  cylinders  with  four-cylinder  compounds. 

Mr.  Halpiu  asked  a  question  about  the  valve  spindle  (page  412) 
applied  to  tandem  compound  engines  with  two  valves  used  on  the 
Ceinture  Railway.  The  valves  of  the  high-  and  low-pressure 
cylinders  wore  worked  by  only  ono  spindle,  and  in  the  middle  of  the 
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spindle,  between  tlic  two  valves,  tliere  was  a  play  of  about  ^  incb,  so 
that  the  low-pressure  valve,  whicli  was  iu  front,  was  always  a  little 
beliind  tlie  bigli-pressuro  one  ;  tliat  gave  a  later  cut-off  and  less 
compression.  Mr.  Halpiu  said  lie  tliougbt  tbat  would  not  work 
well  at  liigb  speeds,  but  it  must  not  be  forgotten  that  tliose  engines 
were  tank  engines  working  suburban  services. 

With  regard  to  tlie  clearance  in  the  cylinders,  it  had  been  found 
that  a  large  clearance  was  necessary.  In  the  first  compound  the 
clearance  was  too  small,  causing  excessive  compression.  It  had  been 
increased,  and  at  the  same  time  the  steam  passage  had  been  enlarged. 
On  the  Eastern  Eailway  of  France  they  used  piston-valves,  with 
considerable  advantage  ;  in  experiments  made  on  that  railway  on 
similar  locomotives,  with  the  only  difference  of  piston  against  flat 
valves,  an  economy  of  nearly  10  per  cent,  of  coal  had  been  observed, 
due  to  reduced  wire-drawing  and  compression  of  steam. 

With  regard  to  tail-rods,  they  wore  largely  used  on  French 
locomotives,  and  even  in  England  also.  When  not  used,  especially 
with  large  cylinders,  cases  of  broken  rings  were  frequent,  and  it  had 
been  found  in  France  that  by  the  addition  of  tail-rods  the  piston- 
rings  lasted  much  better.  They  prevented  lateral  motion,  such  as 
when  the  piston  was  suj^ported  only  from  one  side ;  and  there  was 
a  tendency  to  use  those  tail-rods  not  only  for  the  lovv-pressuro 
cylinder,  which  was  large,  but  also  for  the  high-pressure  cylinder. 
Engineers  in  the  running-shed  department  were  all  in  favour  of 
tail-rods,  although  they  seemed  to  necessitate  a  little  more  trouble 
to  keep  in  order.  They  however  saved  a  great  deal  of  trouble  with 
broken  rings. 

He  desired  to  mention  a  new  compound  which  had  been 
introduced  on  the  Ceinture  Eailway  of  Paris.  It  was  a  largo 
tank-engine  weighing  80  tons,  and  had  eight-coupled  wheels  and  a 
bogie  in  front.  It  had  large  water-tanks  and  large  coal-bunkers, 
and  was  said  to  be  working  very  well.  It  was  a  very  recent 
addition  to  the  list  of  four-cylinder  compound  locomotives  used  in 
France. 
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Tho  Pi  I  lul  lio  lm<l  alrc-AUy,  ou  Lclialf  «>f  thi  Iiibtttutiun, 

thaiikt-il  tli<  .  i.ir  hia  valuublu  Puper,  aiul  it  only  roiiuiiuoil  for 

him  to  atlil  to  that  an  expn«8iiion  of  hiM  a^lminitiun  of  tho  waj  in 
which  ho  ha<l  answc  rt>U  tho  wholu  of  tho  discuwiion  that  had  taken 
l»lac«  on  it.  It  had  Ikhh  a  vtry  f^ront  treat  to  listen  to  M.  SauYage'K 
oxhaustivu  rtjdy. 

Tho  present  was  tho  last  mooting  of  tho  session.  Tho 
neit  mooting  Mould  bo  on  Moy  Slnt,  at  Chicago,  and  ho  hoi)e<l  that 
thoso  who  intended  going  would  K|>oodily  book  berths  ond  notify 
tho  Secretary  of  their  intention.  Tho  Secretary  had  prej.ared  a 
complete  detailed  programme,  which  was  only  waiting  for  one 
OTont  to  bo  settled  before  being  issued,  namely,  a  deception  at  tlie 
British  Pavilion  in  the  St  Louis  Exhibition  grounds.  In  addition, 
there  would  be  a  Meeting  in  London  at  tho  end  of  July,  when  an 
election  of  new  Members  would  take  place,  and  a  Paper  would  be 
read  and  discussed.     A  Conversazione  would  also  be  held. 


CommunUatioM. 


Mr.  Samuel  W.  Johxsox,  Past-President,  wrote  that  he  lud  ie«d 
with  much  interest  and  pleasure  the  Paper  by  M.  Sauvago  describing 
the  progress  of  Compound  Locomotive  Engines  in  France, 
particularly  the  four-cylinder  compounds  recently  made,  which  had 
proved  generally  more  satisftictory  than  the  simple  engine.  He 
was  ghul  to  have  this  opportunity  of  stating  his  exj)erienoe  with  the 
throe-cylinder  compounds  designed  for  the  Midland  Railway. 

Up  to  within  the  last  few  years  tho  requirements  of  the  traffic  on 
that  railway  did  not  necessitate  the  building  of  engines  of  such 
groat  power  as  the  largest  four-cylinder  express  compounds  of  the 
new  "  Atlantic "  type  built  for  tho  Paris-Orleans  lUilway  and 
described  on  Table  2  (page  333)  working  with  tho  high  boiler 
pressure  of  228  lbs.  per  square  inch.  Previous  to  the  introduction 
of  larger  coaches,  heavier  trains  and  accelerated   time-bill  services, 
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ordinary  four-wliecls  coupled  express  passenger  engines,  witli  a  four- 
wlieeled  bogie  in  front,  were  used,  witli  boiler  pressures  advancing 
from  140  to  160  and  180  lbs.  per  square  incb,  and  they  proved  botb 
eflfectual  and  economical.  The  rise  from  140  to  160  lbs.  boiler 
pressure  showed  at  once  an  average  reduction  of  fuel  of  about  4  lbs. 
per  mile  on  tbe  Nottingham  and  Leicester  to  London  traffic,  and 
this  economy  was  apparently  maintained  on  the  rise  of  pressure  to 
180  lbs.,  although  not  actually  definable  owing  to  increased  weight 
of  trains  and  accelerated  speeds. 

From  experiments  made  with  a  simple  four-wheel  coupled 
passenger  engine  by  Mr.  Drummond  on  the  Caledonian  Eailway  in 
1889  with  a  boiler-pressure  up  to  200  lbs.  per  square  inch,  he 
came  to  the  conclusion  that  the  most  economical  results  as  regards 
coal  and  water-consumption  were  obtained  in  simple  engines,  when 
the  pressure  did  not  exceed  about  175  lbs.  per  square  inch.  Bearing 
this  in  mind  in  designing  a  more  powerful  express  engine  for  the 
Midland  Eailway  in  1900,  it  was  obvious  that  to  take  full  advantage 
of  the  benefits  of  higher  pressure  a  greater  range  for  expansion  was 
necessary,  and  this  was  available  only  by  compounding.  Having 
noted  carefully  the  working  of  compound  engines  as  introduced  on  the 
London  and  North  Western  Eailway  and  the  North  Eastern  Eailway 
in  this  country,  and  also  those  in  France  and  America,  the  system 
which  commended  itself  as  being  most  elastic  to  meet  the  varying 
conditions  of  both  light  and  heavy  working  with  economy  was 
the  three-cylinder  Smith's  compound  as  tried  on  the  North  Eastern 
Eailway. 

By  the  introduction  of  an  extra  cylinder  and  valve  gear  and  an 
increase  of  boiler  pressure  up  to  195-200  lbs.  per  square  inch,  an 
increase  of  power  over  the  simple  engine  of  35  per  cent,  has  been 
attained.  The  additional  high-pressure  cylinder  and  gear,  connected 
to  a  central  crank  on  the  driving  axle  intermediate  between  the  two 
low-pressure  cylinders,  was  a  simple  arrangement,  and  the  adjacent 
position  of  the  cylinders  with  their  steam-pipes  and  steam-chests  in 
common,  arranged  in  line  under  the  smoke-box,  ofiered  the  minimum 
amount  of  surface  for  friction  and  for  condensation ;  and  by  the 
special  starting  and  regulating  valve  the  engine  could  be  worked 
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cither  as  a  coiupoiinJ  or  a  Bc-ini-coiujMiuiul,  uiul  was  thus  adapted  fur 
light  or  lit-avy  loadK.  Tho  Btoam-pipcH  cuiniug  from  within  the 
boiler  luul  ])aiiHiiig  through  tho  Kmuke-box  direct  dclivorod 
sujHjrhoatt'd  sUxiin  to  tho  stcum-chcKtH. 

Hy  this  thrio-fyliiidiT arrangement  tho  following  advautagos  were 
obtained,  namely,  ample  starting  power  by  tho  automatic  regulating 
valve,  and  by  two  of  the  cranks  always  being  operative  ;  small  first 
cost,  fewer  detailed  jmrts,  and  less  friction,  and  consequent  economy  in 
both  oil  and  coal.  In  the  four-cylinder  engine  the  division  of  power 
through  two  axles  and  tho  balancing  of  tho  reciprocating  parts  as  set 
forth  by  M.  Sauvago  were  desirable  advantages,  but  these  were  of 
necessity  accompanied  by  outside  stcam-pii)es  from  tho  boiler  to 
the  high-pressure  cylinders,  and  again  from  them  to  tho  low-prossuro 
cylinders.  The  adhesive  weight  of  36  tons  appeared  to  be  light  for 
such  a  powerful  engine,  but  M.  Sauvago  stated  it  wr.s  expected  this 
weight  would  be  increased  to  40  tons.  How  far  tho  three-cylinder 
arrangement  with  the  central  crank  would  admit  of  further  increase 
in  the  size  of  cylinders  and  higher  pressures  had  yet  to  bo 
ascertained,  but  so  far  no  inconvenience  had  been  exj>erienced 
from  the  driving  of  all  tho  power  through  one  axle.  The  Midland 
engine  under  normal  conditions  of  working  was  about  26  per  cent, 
less  powerful  than  the  Paris-Orleans  engine ;  this,  however,  if 
an  equivalent  boiler-pressure  were  used,  would  bo  reduced  to  8  per 
cent.  Tho  results  obtained  by  the  working  of  tho  three-cylinder 
compounds  had  been  highly  satisfactory,  both  as  regards  loads  taken 
and  economy  in  working. 

The  following  summary  of  figures  (details  of  which  were 
published  in  "  Engineering "  of  6th  February  and  23rd  March 
1903)  gave  the  results  of  working  for  ono  week  on  one  of  the 
heaviest  sections  of  the  main  line,  namely,  from  Leeds  to  Carlisle 
and  back.  On  the  outward  journey  the  gradients  included  15  miles 
of  1  in  100  and  5  miles  of  1  in  128.  Tho  average  load  behind  the 
tender  for  the  five  trips  was  250 '64  tons,  and  the  average  weight 
of  engine  and  tender  was  104 -16  tons,  making  a  total  of  354*80 
tons  gross  load,  run  at  a  speed  of  52*48  miles  per  hour.  The 
consumption    of    fuel    was    45*5    lbs.    per    mile,   and    the    water 
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evaporated  amounted  to  7' 3  lbs.  per  lb.  of  coal.  On  tbe  return 
journeys  the  average  load  for  seven  trips  from  Carlisle  to  Leeds,  whicli 
included  gradients  of  1  in  100  for  8  miles  and  11  miles  of  1  in  128, 
was  152 '65  tons  behind  tbe  tender,  and  the  average  weight  of 
the  engine  and  tender  was  107 '75  tons,  making  a  total  of  260*40 
tons  gross  load  at  a  speed  of  51  •  2  miles  per  hour.  The  consumption 
of  coal  was  25*43  lbs.  per  mile,  and  the  water  evaporated  amounted 
to  9  •  45  lbs.  per  lb.  of  coal. 

The  following  are  specimens  of  heavy  trains  running  between 
St.  Pancras  and  Leicester  by  the  compound  engines : — 


Engine 

. 

No.  2634. 

Date   . 

12  Dec.  1903. 

Train  . 

10.15  a.m.,  St.  Pancras  to  Leicester. 

Vehicles 

21  (16-17  tons  each). 

Approximate 

weight  behind  tender 

370  tons. 

Engine 

. 

No.  2634. 

Date   . 

27  Nov.  1903. 

Train  . 

. 

4 .  20  p.m.,  St.  Pancras  to  Leicester. 

Vehicles 

19i 

Approximate  -weight  behind  tender 

330  tons. 

Engine 

. 

No.  2635. 

Date   . 

. 

17  March,  1904. 

Train  . 

. 

10.15  a.m.,  St.  Pancras  to  Leicester. 

Vehicles 

. 

19. 

Approximate  weight  behind  tender    324  tons. 

A  specimen  of  detailed  working  is  given  on  Table  23 
(page  459). 

No.  2634  ran  an  average  mileage  per  week  of  1,434  miles  for  five  weeks 

ending  10  March  last. 
No.  2635  ran  an  average  mileage  per  week  of  1,446  miles  for  five  weeks 

ending  10  March  last. 

An  extract  from  the  running  sheets  Leicester-London  shows 
that  engine  No.  2,635  ran  trips  amounting  to  618  train-miles  with 
a  load  of  approximately  300  tons  behind  the  tender  at  a  mean  speed 
of  53  miles  per  hour  on  a  coal-consumption  of  35  •  5  lbs.  per  mile. 


Aruiu  liHii. 
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London  and  Leicester  and  Nottingham  District. 

r  15  miles,  1-160  to  1-220. 
Euliug  gradients,  London  to  Leicester  <   3J      „      1-119. 

i  3i      „      1-130  to  167. 

It  appeared  to  the  writer  tliat  this  subject  was  of  such 
importance  to  railway  companies  that  it  was  worth  their 
consideration  to  institute  a  series  of  trials  of  several  types  of 
powerful  express  engines  for  main-line  passenger  work,  and  also 
trials  of  heavy  main-line  engines  for  goods  and  mineral  work, 
which  should  be  arranged  to  be  made  under  such  conditions  as 
would  ensure  accurate  results,  in  ascertaining  which  engine  in  each 
class  gave  the  highest  efficiency  combined  with  the  highest  economy 
in  working  a  given  load  at  a  given  speed,  and  with  equal  boiler 
pressures.  The  results  of  such  trials  would,  he  felt  sure,  be  of 
the  greatest  interest  to  mechanical  engineers  and  to  the  Boards  of 
railway  companies. 

M.  Anatole  Mallet  wrote  that  the  Institution  had  perhaps  not 
forgotten  that  twenty-five  years  ago  he  read  a  Paper*  before  the 
Institution  on  the  Compounding  of  Locomotives,  giving  the  results 
obtained  by  him  in  that  way  since  1876.  The  question  was  quite 
new  at  that  time,  and,  so  far  as  could  be  judged  from  the  discussion 
that  took  place,  the  general  impression  amongst  the  members 
present  at  the  meeting,  except  Mr.  F.  W.  Webb,  was  that  the 
subject  offered  but  little  probability  of  definite  success.  The 
author,  on  the  contrary,  expressed  great  confidence  in  the  future  of 
the  compound  locomotive,  and  results  had  fully  proved  that  he  was 
right  in  his  expectation.  In  1879,  there  were  only  a  dozen 
compound  locomotives,  all  of  which  were  of  moderate  or  small  size. 
Their  number  amounted  to-day  to  more  than  18,000,  and  amongst 
them  were  included  the  largest  engines  ever  built.  In  Russia,  for 
instance,  the  ratio  of  compound  already  exceeds  one-half  the  total 
number  of  locomotives. 

*  Proceedings  1879,  June,  page  328. 
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Tumiuj;  now  to  M.  Smivuge's  valmible  I'liiKir,  ho  wan  tUligljUxl  at 
the  BUwt'Ks  of  the  four-t'yliuilcr  lot-oinotivc  ko  largely  UHcd  ou  Frcuch 
railways.  lu  foci,  he  believed  ho  was  iu  8ome  moasura  outitlcU  to 
datter  hiniKolf  fur  having  been  the  ilrht  Ut  j>oint  out  the  CKHential 
features  of  that  typo  of  engine,  namely,  thu  coujiliug  together  of 
axlee,  one  being  worked  by  a  pair  of  high-pressure  cylinders,  and 
the  other  by  a  pair  of  low-pressure  cylinders.  Such  an  iirningemeut 
was  dcscribetl,  amongst  the  different  designs  by  which  could  bo 
realifeil  the  compounding  of  locomotive  engines,  in  a  Paper  read  iu 
1877  before  the  French  Society  of  Civil  Engineers.*  It  was  only  in 
1888-89  that  it  was  put  into  practice  on  the  French  railways,  as  tho 
first  "doGlehn"  four-cylinder  locomotive,  built  in  1885,  had  not  the 
driving-axlos  coupled  together  and  no  balancing  efl'ect  could  be 
obtained.  It  was,  in  some  measure,  roughly  speaking,  a  Webb 
compound  engine  with  the  low-pressure  cylinder  divided  in  two, 
otherwise  not  a  small  improvement  as  regards  tho  facility  of  starting 
and  the  regularity  of  the  turning  moment.  At  that  time  the  xise  of 
four  cylinders  with  distinct  working  gears  was  considered  as  a 
substitute  for  coupling-rods,  as  shown  in  the  early  design  of  the  late 
M.  Jules  Morandiere  in  1867,  and  the  patent  of  Dawes  taken  out  iu 
1874. 

The  writer  begged  to  be  excused  for  venturing  to  think  that  the 
above  case  of  foresight  had  contributed  to  his  having  been  awarded 
in  1902,  one  of  the  late  Mr.  H.  Schneider's  (of  Creusot)  prizes, 
by  the  French  Society  of  Civil  Engineers  for  his  Papers  on 
comi)ouud  locomotives,  which  prizes,  according  to  the  regulations, 
were  awarded  for  books  or  papers  judged  as  being  the  most  useful 
for  the  development  of  various  industries  in  France.  That  reward 
had  the  additional  merit  of  having  been  conferred  on  the 
recommendation  of  M.  Du  Bousquet. 

He  did  not  intend  to  discxiss  quick-nmniug  engines,  in  which 
he  did  not  have  much  personal  experience,  as  he  was  working  iu 


*  The  writer's  priority  ou  thut  joint  wa«  jiroclaimed  by  M.  vou  Borries  in  a 
Paper  on  "  The  Devclopnieut  of  the  Comi>ouuJ  Locomotive,"  j»resenU  J  at  the 
Chicago  Meeting,  July  1893,  of  the  American  Society  of  Mechanical  Engineers, 
vol.  xiv,  page  1183. 
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anotlier  direction — the  slow-speed  liigli  tractive  power  locomotive. 
He  desired  to  offer  a  few  remarks  about  some  details  of  the 
four-cylinder  engine,  details  to  which  Mr.  de  Glehn  seemed  to 
attach  a  large  degree  of  importance,  namely,  the  intercepting 
valve  for  startiug  and  the  independent  reversing  gear.  He  was 
not,  he  believed,  liable  to  be  suspected  of  prejudice  against  these 
features  that  he  was  the  first  to  use  in  two  and  four-cylinder 
locomotives ;  but  he  considered  that  if  they  were  highly  suitable 
for  two-cylinder  compound  locomotives,  they  introduced  without 
any  necessity  when  used  in  four-cylinder  engines  an  unavoidable 
complexity,  and,  what  was  worse,  the  possibility  of  mismanagement 
on  the  part  of  the  engine-driver.  He  himself  had,  in  some  cases 
of  emergency,  obtained  a  great  advantage  in  having  fitted  his 
first  four-cylinder  locomotives  with  a  device  enabling  the  two  pairs 
of  cylinders  to  work  independently  with  live  steam,  but, 
notwithstanding  this,  he  had  for  some  time  given  up  that  design 
as  well  as  the  independent  reversing  gear.  He  had  at  present  got 
nearly  700  four-cylinder  compound  articulated  locomotives  for  all 
gauges  and  of  various  sizes,  from  12  to  more  than  100  tons,  and  he 
set  a  serious  value  from  the  fact  that  not  one  of  the  forty  or  fifty 
railroads  using  these  locomotives  (and  one  of  which,  the  Siberian 
Eailway,  already  owned  120,  and  others  50,  40,  &c.,  engines,  resulting 
from  repeated  orders)  ever  made  the  slightest  complaint  about  the 
want  of  a  special  starting  device  or  independent  reversing  gear. 
The  use  of  a  safety-valve  loaded  to  about  one-third  of  the  boiler 
pressure  on  the  receiver,  and  occasionally  of  a  supply  in  the  same 
receiver  of  live  steam,  the  supply  regulated  by  a  cock  connected  for 
greater  simplicity  to  the  reversing  gear,  was,  even  in  engines  running 
heavy  trains  at  high  speeds,  quite  sufficient  for  a  free  starting,  as 
it  had  been  proved  from  a  long  and  extended  practice.  On  the 
other  hand,  if  the  use  of  independent  reversing  gears  was  claimed 
to  render  easier,  in  some  cases,  for  instance,  when  running  down 
gradients  without  steam,  the  quick  moving  of  engines,  the  same 
result  could  be  obtained  in  a  simpler  and  safer  manner  from 
air-valves  fitted  on  the  cylinder-covers  or  valve-eases,  or  from 
by-passes  between  the  steam-ports. 
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He  firmly  btlioveJ  thut  the  Iai>t  word  ha<l  not  yot  bceu  said  about 
the  iiuprovument  of  tho  stfttiu  locoiuotivo,  and  that  it  wa«  now  iu  tho 
w»y  of  tbreo  or  four-cyliudor  com|>ouiid  ougines  uuing  highly 
superheattd  steam,  with  really  pructical  superheater,  that  progresj* 
must  be  looked  for.  Ho  wished  it  to  be  distiuetly  uudenilood  that 
the  criticisiu  he  had  exi)reKsed  about  some  details  of  tho  French 
eugines  iu  question  by  nu  means  affected  the  regard  and  admiration 
that  ho  entertained  for  tho  engineers,  who  had  brought  these 
locomotives  to  tlieir  present  high  grade  of  perfection. 

Mr.  "William  Makeiott  wrote  that  he  would  bo  glad  if  the 
author  would  kindly  amplify  his  remarks  (page  375)  with  regard  to 
the  inconvenience  of  the  use  of  mild  steel.  The  author's  exj)erience 
entirely  accorded  with  his  own,  and  if  he  hud  his  own  way,  he 
would  in  many  eases  go  back  to  tho  use  of  iron  for  boilers,  although 
he  was  aware  that  in  this  ho  differed  from  many. 

Mr.  J.  D.  TwLNBEaBow  wrote  that  the  principal  features  of 
French  practice  ap])eared  to  be  the  self-balancing  of  the  forces  due 
to  the  reciprocating  parts,  the  connection  of  the  inside  and  the 
outside  cylinders  to  separate  axles,  the  construction  of  a  thorough 
system  of  bracing  between  the  frames  and  the  adoption  of  a  simple 
expedient  for  passing  the  high-pressure  exhaust  directly  to  the 
blast-pipe  when  re<iuired.  These  were  points  of  prime  importance, 
in  their  effect  upon  the  eflSciency  of  the  machine  and  with  regard  to 
convenience  in  working. 

Frames  that  were  not  thoroughly  well  braced  by  means  of  deep 
traverse  plates,  with  the  equivalent  of  horizontal  bracing  between 
them,  were  liable  to  distortion  under  working  stresses ;  this  involved 
increased  frictional  resistance,  greater  liability  to  derailment,  and  a 
tendency  to  lateral  oscillations  at  high  speed  owing  to  the  torsional 
flexibility  of  the  structure.  Continuous  footplates  riveted  along  the 
outside  frames  and  secured  to  strong  outside  angle-bars  would  be 
efficient  as  a  substitute  for  horizontal  bracing  between  the  traverse 
members,  were  it  not  that  they  required  frequently  to  be  cut  away 
to  clear  the  wheels  just  at  those  parts  where  the  staying  was  most 
required. 
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The  progress  of  compounding  in  this  country  had  heen  retarded 
by  the  bad  reputation  for  starting  which  the  earlier  examples 
acquired.  When  the  non-return  valve  in  the  receiver  was  leaking, 
and  when  there  was  no  by-pass  for  the  high-pressure  exhaust,  an 
engine  which  was  standing  in  a  bad  position  for  starting  was 
liable  to  become  stalled' by  the  steam  accumulating  at  the  back  of 
the  high-pressure  cylinder.  It  would  be  interesting  to  ascertain 
if  any  advantage  would  result  from  the  practice  which  the  writer 
suggested  many  years  ago,  of  balancing  not  only  the  reciprocating 
forces,  but  also  the  couples  by  altering  the  angles  between  the 
cranks.  The  objection  that  the  periods  between  the  four  beats  of 
the  exhaust  in  each  revolution  would  not  be  equal  did  not  appear  to 
be  of  any  moment ;  irregularity  not  only  in  period  but  also  in 
intensity  of  beat  was  by  no  means  unknown  in  the  case  of  ordinary 
locomotives.  The  forces  might  be  completely  balanced  in  the  case 
of  a  three-cylinder  engine  with  cranks  at  120^  apart,  and  if  the  effect 
of  the  couples  was  unimportant  upon  heavy  engines  with  great 
length  of  wheel-base,  it  would  appear  that  this  type  might  possess 
some  features  of  advantage  on  the  score  of  greater  simplicity,  whilst 
the  single  inside  cylinder  imposed  little  restriction  on  the  length  of 
the  crank-axle  bearings. 

The  details  of  the  Walschaerts  valve-gear  given  in  the  Paper 
were  extremely  interesting,  as  they  showed  how  the  difficulty  of 
arranging  a  well-supported  gear,  with  all  the  working  joints 
symmetrical  with  respect  to  a  vertical  plane,  had  been  overcome. 
The  oscillating  links  were  of  channel  section  with  internal  working 
surfaces  as  usual  in  French  practice ;  he  would  ask  the  author  if 
flat  bar-links  of  the  kind  usual  in  marine  engines  were  ever  made 
use  of  ?  They  appeared  to  possess  some  advantages,  and  the  writer 
had  adopted  this  type  in  the  design  of  some  small  reversing  engines 
which  he  made  some  years  ago.  Fig.  60  (page  465)  was  a  sketch  of 
the  arrangement,  from  which  it  would  also  be  seen  that  the  valve- 
spindle  guide  and  attachment  were  of  the  same  general  type  as  those 
illustrated  in  the  Paper. 

He  feared  that  fire-box  troubles  were  unavoidable  in  the  case  of 
large  boilers  worked  at  high  pressure ;  they  might  be  mitigated  but 
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not  wholly  avoided  by  attention  to  certain  details  of  design  and  by 
care  in  the  selection  of  materials  of  construction.  He  had  given 
attention  to  the  problem  of  replacing  the  flat  stayed  surfaces  by 
a  water-tube  construction,  and  he  believed  that  in  this  direction  lay 
the  solution  of  the  difficulties  arising  out  of  broken  stays  and  cracked 
fire-box  plates. 

M.  Sauvage,  in  reply  to  the  written  communications,  wrote  that 
the  remarks  quoted  by  Mr.  Marriott  (page  463)  were  taken  from  a 
letter  of  M.  Du  Bousquet,  Locomotive  Superintendent  of  the  Northern 
Railway.  The  trouble  arose  from  the  rapid  grooving  of  the  plates. 
On  the  Southern  Eailway  the  flanged  plates  were  now  made  of  iron. 
The  steel  plates  used  for  boilers  on  the  French  lines  must  stand  a 
tensile  strength  of  35  to  40  kg.  per  mm.^  (22*2  to  25*4  tons  per 
square  inch),  with  an  elongation  of  80  per  cent,  for  flanged  plates, 
and  of  40  to  46  kg.  per  mm.^  (25*4  to  29*2  tons  per  square  inch), 
with  an  elongation  of  27  per  cent,  for  other  plates ;  the  useful  length 
of  the  test  pieces  in  mm.,  was  calculated  by  the  formula  L  =  -\/  66,  67S, 
S  being  the  transverse  section  in  mm.^.  In  addition  to  the  tensile 
test,  the  plate  must  be  bent  cold  and  entirely  doubled  up  without 
cracking. 

In  reply  to  Mr.  Twinberrow's  remarks  (page  465),  flat  bar-links 
had  not  been  used  on  any  of  the  recent  large  locomotives  of  the 
French  Railways. 

During  the  discussion  mention  was  made  of  the  large  size  of  the 
steam-ports  of  the  Paris-Orleans  engines  on  account  of  the 
"  squareness  "  of  the  diagrams.  The  following  were  the  exact  figures, 
which  showed  that  the  remark  was  justified  : — 

Engines  jSTos.  3001  and  4001,  Paris-Orleans  Eailway. 

Cylinder  H.P.     Diameter  =  360  mm.  14*17  inches. 

„       L.  P.  „         =600  mm.  23-62       „ 

Port  area : 

H.P.     126  cm.-  (19-53  square  inclies). 

L.P.     220  cm.2  (34-10       „  „     ). 

Section  of  H.P.  cylinder  =    8*07  port  area. 
„       „  L.P.         „        =12-67     „      „ 
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It  was  nut  fouiul  possiblo  to  increase  tbc  kizo  of  L.P.  cylirnkr 
ports,  otherwise  they  wuulil  bo  b\rger. 

As  regarils  tho  diagrams  taken  in  regular  working  on  locomotive 
No.  2G41  (Xonl)  (l>ages  310-^17),  a  question  was  asked  whether 
tho  spooil  was  varying  when  the  diagrams  were  taken.  M.  Du 
Bousquot,  Locomotive  Superintendent  of  the  Nord  Railway,  states 
that  tho  speed  was  uniform  wlion  the  diagrams  were  taken,  with  tho 
exception  of  the  first  set  on  page  'MG  (starting  diagram)  and  of  tho 
second  set  on  page  3-i7  (train  No.  112,  23  August  1900).  At  the 
time  when  this  last  set  was  taken  the  acceleration  was  positive  and 
at  a  rate  of  55  mm.  (2-17  inches)  per  second  in  a  second  (variation 
of  speed  during  a  second  equal  to  55  mm.  per  second). 
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THE  MEASUREMENT   OF   DIRECT   STRAINS 
IN   TENSILE   AND   COMPRESSIVE   TEST  PIECJIS. 


Bt  Mb.  JOHN  5I0RR0W,  M.Sc,  M.Em;.,  or  Umiversitt  Collegia  BBirroL. 

V\UT   I. 

1.  Introiluciivn. — IuBtrument«  for  the  mcasuremeut  of  bmull 
strains  may  be  divided  iuto  two  classes.  The  first  includes  all 
those  in  which  minutely  small  chauges  of  length  are  measureil 
directly,  with  little  or  no  magniticatiou,  and  which  depend  on  the 
accuracy  of  very  carefully  made  micrometer  screws  or  scales.  The 
second  consists  of  those  instruments  in  which  the  extension  or 
compression  of  the  specimen  is  greatly  magnified  by  one  or  more 
levers  or  tiltiug  mirrors  before  the  measurement  is  effected. 

The  mirror  form  of  eitensometer  has  not  been  much  used  in  this 
country  owing  principally  to  two  causes.  These  are,  first,  the 
instrument  is  not  self-contained,  and  second,  in  order  to  obtain  the 
extension  of  the  centre-line  of  the  specimen  two  observations  have 
been  necessary,  one  on  each  side  of  the  specimen. 

In  an  instrument  which  is  not  self-contained  and  which  depends 
upon  the  reading  of  the  image  of  a  scale  in  a  mirror  as  sei-u  through 
*  telescope,  there  may  be  errors  due  to, 

(a)  Slight  tilting  of  the  specimen  and  mirror  as  a  whole  ; 

(b)  Slight  alteration  of  the  pusitiou  of  the  teleecope ;  and 
(f)  Slight  alteration  in  the  i>OBition  of  the  sc»Ie. 
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A  new  form  of  mirror  extensometer,  to  be  of  any  real  value, 
must,  by  the  elimination  of  these  sources  of  error,  have  the 
advantages  of  a  self-contained  instrument,  and  should  give  the  mean 
extension  of  the  specimen  by  means  of  one  scale-reading  only. 

It  will  be  seen  that  these  conditions  are  realised  in  the  form 
described  in  this  Part.  The  special  advantages  of  a  mirror 
extensometer  are  necessarily  retained,  namely,  the  great  accuracy  of 
the  readings,  the  provision  of  any  required  magnification,  and  the 
fact  that  the  instrument,  after  having  been  once  attached  to  the 
specimen,  need  not  again  be  touched  by  hand. 

2.  The  Neiv  Form  of  Instrument. — The  extensometer  here  described 
has  been  used  by  the  author  with  most  satisfactory  results.  A 
simple  form  is  shown  in  Fig.  1  (page  471).  It  is  held  in  position  on 
the  specimen  by  the  four  set-screws  AA  and  BB  at  opposite  ends  of 
two  parallel  diameters.  These  screws  pass  through  the  two 
horizontal  annular  pieces  C  and  D,  to  the  latter  of  which  the 
vertical  strip  F  is  rigidly  attached.  The  steel  rod  E  acts  as  a 
distance  piece  between  C  and  D.  Its  ends  merely  rest  in  their 
respective  sockets,  and  therefore  are  free  to  act  as  ball  joints. 

When  the  specimen  extends,  the  face  of  C,  marked  G  in  the  plan, 
will  move  relatively  to  F.  Between  G  and  the  upper  end  of  F  a 
small  diamond-shaped  piece  is  inserted  as  shown  at  H  in  each  view. 
This  is  made  of  hardened  steel,  the  opposite  corners  in  the  horizontal 
plane  being  carefully  ground  to  form  a  pair  of  knife-edges.  It 
carries  a  mirror  N  attached  in  a  vertical  position  to  its  upper 
surface.  It  will  readily  be  seen  that  any  elongation  of  the  specimen 
between  A  A  and  B  B  will  produce  a  forward  tilting  of  this  mirror. 

A  second  mirror  M  is  attached  permanently  to  F  in  such  a 
position  that  the  two  images  of  a  scale,  placed  some  distance  away, 
may  be  seen  side-by-side  in  a  telescope.  The  function  of  the  light 
spring  S  is  two-fold.  It  maintains  a  small  pressure  on  the  diamond 
piece  between  G  and  F,  and  at  the  same  time  ensures  contact 
between  the  ends  of  the  rod  E  and  its  sockets.  For  this  latter 
purpose,  in  some  of  the  earlier  forms  of  the  instrument,  a  special 
cylindrical   spiral   spring   connecting  C  and  D  was  used.     It  was 
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however  found  to  be  unnecessary,  and  tlie  instrument  appears  to 
give  rather  better  results  when  it  is  not  employed. 

In  reading  the  extension  of  the  specimen  a  convenient  mark  on 
one  image  of  the  scale  is  taken  as  an  index,  and  the  reading 
coinciding  with  it  on  the  other  image  is  noted  each  time  the  load  is 
altered,  Fig.  2  (page  471\  The  index  mark  is  preferably  taken 
on  the  M  image,  as  it  then  remains  approximately  in  the  centre  of 
the  field  of  view. 

In  some  cases  it  has  been  found  advantageous  to  have  the  mirror 
M  adjustable.  It  is  then  fixed  on  a  vertical  axis  and  provided  with 
a  slow-motion  screw,  by  means  of  whicli  it  may  be  rotated  about 
this  axis. 

3.  Determination  of  the  Magnification. — The  magnification  of  the 
instrument  can  of  course  be  altered  at  will  by  placing  the  scale  at  a 
greater  or  less  distance  from  the  mirrors. 

If  (Z  =  normal  distance  from  the  scale  to  the  plane  of  the  tilting 
mirror, 
r  =  distance  between  kuife-edges  of  mirror  base,  and    • 
m  =  magnification  due  to  tilting  of  upper  ring, 

then  M,  the  total  magnification,  is  given  by 

M  =  2  d  "* 
r 

This  may  be  called  the  "  ideal  magnification." 

In  the  particular  instrument  described  m  was  found  to  be 
2-220  cm.  (0-874  inch)  and  r  =  0*2994  cm.  (0-1179  inch),  and 
hence  by  placing  the  scale  at  a  normal  distance  of  202-2  cm. 
(79-606  inches)  a  magnification  of  3,000  is  obtained.  The 
differences  of  scale-readings  divided  by  this  number  will  be  the 
total  extensions  of  the  specimen. 

There  is  in  reality  a  further  enlargement  due  to  the  magnifying 
power  of  the  telescope.  The  scale  which  has  been  used  is  divided 
to  4^y  inch.  A  suitable  telescope  enables  yV*^  ^^  these  to  be  readily 
estimated.  With  the  above  values  the  extension  of  the  specimen  is 
then  obtained  to  the  nearest  iT^yoToTo  ^^  ^^'^  inch,  or  about  4^0^,000 
of  a  centimetre. 
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Ah  u  check  upon  tho  magnification,  iho  iiihtruincnt  wiui  uiUchwl 
to  tho  scrow  of  u  loiuliiig  iiiicro«co|)c,  uml  bimiiltuinxjuii  reudiugh  of 
tho  extunsoiuotor  and  niicroniotor  bouIch  wore  t^iken  for  «  very  large 
numlKjr  of  kmuiII  diKjilaconiontji.  Tho  reelings  obtuinoJ  wero 
ooufiihtcnt  :iuil  within  thr  limits  of  accuracy  of  tho  t'xi)C'rimcnt. 

4.  Kxinitiun  of  a  Sleel  Jiar. — lu  onlor  to  tost  tho  ioHtrument  a 
Bpocially  solectoj  Ur  o{  niihl  Htoel,  2-54  cm.  (10  inch)  in  aiamtUr. 
was  ustd.  Tho  rtjuliugs  wt-re  moro  oven  when  tho  specimen  hoil 
Ik'ch  subjoctid  to  a  consiJerahlo  loa*l  for  8t»rac  time  boforo  tho 
expurimouta  were  made.  A  loa«l  of  4  or  5  toiis  was  therefore 
occasionally  allowed  to  remain  on  tho  bar  for  a  numlnir  of  hours. 

A  larj,'e  numlk-r  of  observati(»ns  were  made,  tho  l«)ail  Koiintimo« 
beinj,'  applictl  by  ono  ton  intervals  and  at  others  by  half-a-ton  at  a 
timt-.  The  variations  of  tho  differences  of  the  scale  readinj,'s  jx*r  ton 
or  half-ton  of  load  were  generally  within  ono  and  a  half  pt.-r  cent. 
Probably  tho  Inist  test  of  tho  instrument  was  ono  in  which  the  load 
was  increased  by  \  ton  intervals  from  1  to  3\  tons.  Table  1 
0>ago  475)  e(»ntains  tho  scale  readings  and  their  differences  for  t»vo 
consecutive  series  of  ascending  and  descending  loads,  and  it  will  ba 
soon  that  the  total  variation  of  tho  difforouces  is  loss  than  1  pur  cent, 
of  a  single  reading.  The  readings  are  in  ^»^  of  an  inch,  and  the 
k-ngth  under  observation  was  20-18  cm.  (7-945  inches). 

The  strain  per  half-ton  of  load  averages  40- 71  x  10'^  and  tho 
corresponding  stress  is  20,280  kg.  per  cm.-  (288,450  lb.s.  per 
square  inch).  The  Modulus  of  Elasticity  is  therefore  21 -40  x  10^ 
in  kg. -cm.  units,  or  30-5:>  x  lO*^  in  lbs.  per  square  iiu-h. 

5.  Kiiu'iitatli'dl  luvestiijation.  —  Tlic  extensoniett^r  is  shown  in 
.liagianiniutie  form  in  Fig.  3  (page  474)  in  its  normal  position,  and 
also  in  a  displaced  jnisition.  The  free  joints  are  marked  by  blark 
spots. 

The  latter  jwsition  is  obtained  by  assuming  0  F  to  be  .lispluci-d, 
as  at  G'  F',  and  then  obtaining  the  j»oint  (".  With  V  ami  P  as 
centres,  arcs  are  drawn  with  radii  C  D  and  F  K  respectively.  D'  and 
E'  must  lie  on   those  arcs,  and  tho  i>o8ition  of  A'  is  then  the  point 

2  K  2 
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Fig.  3. 


Diagrammatic  form  of  Extensometer  in  normal  and  displaced  podtions. 
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TABLE  1. 

Exit nif ion  of  Mild  Steel  liar. 


L«.tu«l 
Tons. 

>i-al.. 

Uoa 

lingH. 

l>illt  nntvt*. 
Ut  Loading.      2iul  Loa4liog. 

l8t  I.rfHuling. 

1 

2nd  Loading. 

1 
1* 

-Jll 

-21-0 
26:! 

17-5                    47 -.T 

2 

H 
1 


-21    1 

-21-0 

— 

— 

20- 1 

26:! 

17-5 

47-:] 

7:!-7 

7;;o 

47-:; 

47-3 

120-8 

120-7 

17   1 

471 

168-:; 

168-2 

47-r. 

47-5 

21J-7 

215-7 

47-4 

47-5 

168 -5 

1G8  r. 

47-2 

47-1 

121  ••! 

121-:: 

471 

47-:) 

74-0 

740 

47-4 

47-3 

26-5 

26-3 

47-5 

47-5 

-21U 

1 

-20-8 

47-J 

47-3 

where  the  locus  of  A  iuttisects  the  centre  line.  Of  course  the 
displacement  shown  on  the  figure  is  immensely  greater  than  any  that 
would  occur  in  practice. 

Let  u  ^  6*  0  be  respectively  the  angles  turned  through  by  G  F, 
C  D,  D  E,  and  E  F, 
/  (  be  the  original  length  and  increase  of  length  of  the 
ppecimcn, 
g  in  n  the  lengths  of  B  F,  A  D,  and  C  D. 
Then  we  have — 

in  cos  0  =  {m  -\-  h)  cos  u  —  /  sin  a  —  n  cos  ^ 

m  sin  0  =  (in  -\-  h)  sin  a  -f-  /  cos  a  -f  »  sin  ^  —  (/  -f-  c) 

B  COS  $  =  s  cos  a  —  I  sin  <p 

8  sin  0  =  9  >m  a  —  I  cus  </>  -|-  (/  -f  <)• 
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To  a  first  order  of  aj)proximation  a  and  (fi  may  be  neglected,  and 
we  have 

r.     _     m    +    S        6 

^  ~      s       n 

The  same  result  is  given  to  a  second  order  in  which  Ave  retain 
a,  (f),  6'^,  ^^,  e^  since  (^  +  a)  is  the  angle  between  the  fixed  and  tilting 
mirrors. 

Thirdly,  retaining  a,  cf),  6^,  t,^,  e^,  the  result  may  be  expressed — 

'  =  »"+.[«  +  ")--;(<:  +  «)'] 

If  JB  be  the  scale  diflfercuce  and  d  its  normal  distance  from  the 
mirror,  then — 

and  therefore— 

^  ~  m  +  s  2d  L  '^   d-j 

This  investigation  shows  that  to  the  second  order  of  accuracy  the 

extension  of  the  specimen  is  given  by       ,     ^  ,,  and,  when  workiog  to 

the  third  order,  the  correction  to  be  deducted  from  the  scale  reading 

IS  ^  -Ji- 

6.  Notes  on  the  General  Arrangement  and  Adjustment  of  the 
Apparatus. — In  attaching  the  extensometer  to  the  specimen  it  is 
convenient  to  make  use  of  a  holder.  By  this  means  the  instrument 
can  be  easily  and  rapidly  fixed  with  the  points  of  the  set-screws  at 
the  correct  distance  apart,  and  arranged  at  the  opposite  ends  of 
l^arallel  diameters.  The  holder  also  ensures  the  correct  placing  of 
the  tilting  mirror.  A  method  similar  to  that  employed  in  the 
Martens'  Mirror  Extensometer  bas,  however,  been  found  more 
convenient  for  this  purjiose.  In  this  arrangement  a  light  jwintcr  is 
attached  to  the  mirror  axis,  and  is  adjusted  to  a  cross-mark  scribed 
on  the  vertical  piece  F.  By  this  means  the  mirror  axis  is  always 
placed  in  the  same  position,  with  its  two  knife-edges  in  the  same 
horizontal  plane  as  the  points  of  the  upper  pair  of  set-screws. 

The  cylindrical  shape  of  G,  Fig.  1  (page  471),  is  necessary  for  two 
reasons.     First,  it  allows  the  diamond  piece  H  to  have  practically 
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lino  oontoct  with  F  and  \Hnui  contact  with  G,  thus  permitting  of 
slight  inuccurary  in  tho  luljubtmuut  t»f  tho  uet-Hcrowa  without 
cmlungoiing  tho  iflkitucy  uf  tho  couUict ;  uuil  hccuiully,  it  givcH  a 
graitor  (kgrco  of  Irocdoiu  to  the  iuBtruuicut.  Thus  thrru  in  often  a 
sumll  amount  of  twist  noticcublo  when  stretching  a  spccimtn,  and 
tho  cylindrical  hhupo  of  G,  together  with  the  free  ball-joint  at  tho 
back,  allows  this  twist  to  take  place  without  disturbing  the  accuracy 
of  the  working  of  tlio  instrument. 

Tho  genenil  arrangement  is  shown  diagramiuatically  in  Fig.  4, 
tho  plan  ttf  the  testing-machine  being  omitted  for  the  suko  of 
clearness. 

After  placing  the  specimen  in  the  machine  the  holder  is  removed, 
and  tho  telcscoiM)  and  scale  set  uj).  Tho  scale  is  illuminated  by  one 
or  more  lamps  at  one  side  of,  aud  in  front  of,  the  scale,  and  the  light 

Fiii.  i.— General  Arratujtmcut  o/  Apparatw. 

Lamp  ~  "~  ~  -  ~   -    ,  -^^^ror 

♦..  \/Sp€tLfntn 

|Pl -I*' 

Scale       Scrter\£  Mirrcr 

not  required  is  shaded  off  by  two  vertical  screens.  By  altering  tho 
positions  of  these  screens  the  two  images  arc  easily  made  to  appear 
side  by  side,  touching  but  not  overlapping,  in  the  field  of  view  of  tho 
telescope.  The  readings  can  then  bo  taken  without  difficulty,  and  in 
fact,  with  greater  accuracy  than  when  cross-wires  obstruct  the  view. 

7.  Adaptation  to  the  Miasunment  of  Cvtnpresstve  Straiiig.—Yor 
use  with  short  specimens,  such  as  are  generally  employed  for  finding 
Young's  Modulus  from  compression  tests,  tho  instrument  takes  a 
somewhat  difi'crent  form.  In  so  far  as  it  measures  the  change  of 
length  of  the  specimen,  between  two  pairs  of  gauge  points,  by  first 
converting  the  displacement  into  a  relative  rotation  of  two  mirrors,  it 
is  the  same  in  principle. 

The  particular  forti  shown  in  Fig.  5  vp^iic  i78)  is  due  to  Mr. 
E.  L.  Watkin,  M.A.,  and  the  author;  its  action  hoA  been  found  to  bo 
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tliorouglily  reliable.  It  is  made  of  two  frames  A  and  B,  the  lower  of 
which  is  attached  to  the  specimen  at  two  points,  and  the  upper  at 
three  or  four  points.  In  the  figure,  one  of  the  set-screws  in  the  upper 
frame  is  shown  with  the  end  formed  into  a  knife-edge  from  which 
the  central  portion  has  been  removed,  and  this  has  been  found  quite 
sufficient  to  give  the  necessary  rigidity  to  the  instrument.  D  is  a 
distance  piece  with  pointed  ends,  the  lower  of  which  acts  as  a 
fulcrum  about  which  the  lever  frame  B  turns  when .  the  specimen  is 
strained.  The  frame  A  carries  the  hanging  piece  C,  through  which 
F   is   screwed.      The  flat  point  of  F  forms  a  table  on  which  the 

Fig.  5. — Compression  Instrument. 


IPff^ 


pointed  steel  leg  of  the  tilting  mirror  M  rests.  This  mirror  is  also 
carried  by  a  horizontal  axis  with  fine  steel  points  P  Q  resting  in 
centres  in  each  arm  of  B.  The  screw  G  is  used  for  ensuring  the 
contact  of  the  extremities  of  this  axis,  whilst  F  enables  adjustment 
of  the  angular  position  of  the  mirror  to  be  effected.  The  fixed 
mirror  is  shown  at  N,  and  the  balance  is  preserved  by  the 
weight  W. 

Many  modifications  of  both  these  instruments  have  been  tried, 
but  none  appear  to  be  more  satisfactory  than  those  here  described 
The   large   amount    of     experimental    work    connected    with    the 
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porftftiu^  of  the  iuBtruuH'iits  has  Xteeu  carried  out  in  the  Ti-iitiug 
Laboratory  of  Univorsity  ( 'olK'go,  liriHtol.  lu  most  of  i\ii»  work  the 
author  has  l>oc'u  fortunutu  in  having  thu  aiMiiKtAucu  of  hiii  colleague, 
Mr.  10.  L.  Watkin,  M.A. 


Taht  II. 

This  Part  coutaius  a  brief  description  of  the  more  important 
iustrumeuts  hitherto  used  for  measuring  tensile  or  compressive 
strains  in  test-piccos  within  the  elastic  limit.  One  of  them, 
namely  that  made  by  Messrs.  Buckton  and  Co.,  of  Leeds,  has  not 
been  previously  described. 

1.  Magnitud'  of  the  Changes  and  Limitji  of  Measurement. — The 
object  of  such  experiments  is  to  find  the  stress-strain  relations  for 
the  material,  and  the  deformations  are  so  small  that  they  cannot  be 
determined  without  the  aid  of  some  special  ajiparatus.  Thus  an 
iron  or  steel  bar,  10  inches  long,  is  stretched  less  tLan  ^l^^  inch 
when  the  elastic  limit  is  reached.  For  an  accuracy  of  about  1  per 
cent,  the  measurements  must  therefore  be  correct  at  least  to  the 
nearest  j^.ooo  iiich.  To  obtain  the  same  accuracy  with  a 
compression  piece  2  inches  long,  the  delicacy  of  reading  would 
have  to  bo  increased  five  times.  These  may  be  looked  upon  as 
the  lowest  limits  of  accuracy  permissible  in  uny  form  of 
extensometer. 

Now  the  limit  of  resolving  power  of  the  human  eye  is  given  as 
..Jy  inch.  With  the  aid  of  a  microscope  this  can  be  reduced  to 
ioo'o~oo  i^ch'  A.  carefully  graduated  vernier  attached  to  a 
micrometer  screw  may  read  to  ._,  ^/omj  inch,  whilst  measurements 
depending  on  the  principle  of  the  interference  of  light  may 
conveniently  reach  ,0.000.0..,)  of  an  inch. 


2.  Errors  tn  producing  tht  Required  Strains. — With  such  delicacy 
of  reading,  considerable  care  is  required  to  ensure  that  the  changes 
of  length    observed    are   those   due   only   to   the   elasticity  of  the 
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specimen.  For  this,  it  is  necessary  that  the  temperature  should  be 
constant.  If  an  instrument  has  a  magnification  of  1,000,  it  is 
possible  that  a  change  of  even  2^-°  C.  may  begin  to  affect  the  readings. 
Therefore,  after  attaching  an  instrument  to  a  specimen,  a  short  pause 
should  be  allowed  before  the  experiment  is  commenced,  so  that  the 
thermal  conditions  may  become  normal.  Other  sources  of  error  are 
due  to  the  method  of  attaching  the  extensometer.  The  measurements 
must  be  made  directly  on  the  test-piece  and  should  be  on  two 
opposite  filaments  of  it.  This  is  necessary  in  order  to  counteract 
the  effects  of  slight  bending  of  the  specimen  due  to  oblique  gripping 
or  non-homogeneity  of  the  material,  and  to  avoid  or  determine  errors 
due  to  slight  tilting  of  the  specimen  as  a  whole. 

The  points  between  which  the  changes  of  length  are  measured 
should  be  sufficiently  remote  from  those  at  which  the  load  is 
applied,  otherwise  local  strains,  caused  by  the  necessarily  imperfect 
method  of  application  of  the  load,  will  be  included.  When  this  is 
done  by  means  of  a  collar  on  the  specimen,  and  its  distance  from  the 
gauge  points  is  one-half  the  greatest  breadth  of  the  specimen,  this 
error  has  been  calculated  to  be  about  10  per  cent,  of  the  strain  at  the 
point,  whilst  at  1^  times  the  breadth  it  is  only  0  •  3  per  cent.  For 
accurate  work  therefore  the  distance  should  be  at  least  1  to  IJ  times 
the  greatest  cross  dimension.  Even  when  these  precautions  are 
taken,  the  deformations  are  only  those  of  the  outer  surface  of  the 
test-piece  and  do  not  necessarily  give  a  true  account  of  what 
takes  place  in  the  interior.  It  must  further  be  noticed  that 
the  sensitiveness  and  the  calibration  of  the  testing  machine 
used  are  important  factors  iu  determining  the  limit  of  accuracy 
obtainable. 

3.  Conditions  affecting  the  Accuracy  of  the  Instruments. — In  this 
section  the  author  proi)oses  to  enumerate  some  general  principles, 
the  fulfilment  of  which  aj^pears  to  be  advisable,  and  in  fact  almost 
essential,  in  the  design  of  efficient  strain-measuring  appliances.  A 
careful  consideration  of  these  conditions  should  enable  an  idea  of 
the  practical  value  of  any  instrument  to  be  estimated.  They  will 
not  be  repeated  when  describing  the  various  forms  in  use. 
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(1)  The  lucasurtiueuth  bliouM  bo  taken  ou  twu  oppoBito  sidcfi  uf 
the  Bj>ocimeu.     This  coiulition  1ms  ulrcudy  boou  referrtd  to. 

(2 )  Thtro  should  Ik)  the  groatcst  possible  freedom  from 
coustniiut.  The  ehuugi-  of  length  of  the  Bi)ec-inan  is  required,  and, 
consistently  with  its  uccurute  determination ,  the  dillurent  |)urt«  of 
the  instrument  should  have  the  greatest  freedom  l>oth  us  regards 
relative  translation  and  rotation.  Negleet  of  this  generally  prevents 
the  instrument  from  returning  exactly  to  its  initial  position  when  the 
strain  is  removed. 

(3)  The  size  and  mass  of  the  principal  moving  part«  sh<jiild  bo 
as  small  as  possible.  This  is  advisable,  not  only  that  they  may 
respond  readily  to  the  disidaecments  communicated  to  them,  but 
that  they  should  not  be  affected  by  disturbing  influences  such  as 
air-currents,  vibrations,  &c.  If  the  moving  parts  are  supported  by 
friction  only,  as  is  generally  the  case,  the  small  unavoidablo 
vibrations  vary  the  amount  of  the  sujiporting  force,  and  if  the  parts 
are  heavy  accidental  displacements  may  result.  The  construction 
of  more  than  one  instrument  has  been  discontinued,  owing,  in  part 
at  any  i-ate,  to  this  cause.  * 

{4.)  The  relative  disjdaccments  of  the  parts  of  the  instrument 
should  be  kinematically  determinate.  Under  this  heading  it  is 
intended  to  include  the  avoidance  of  errors  due  to  faulty  transmission 
or  conversion  of  motion.  In  mirror  apparatus,  for  example,  the 
l)lanc  of  the  reflecting  surface  should  pass  through  the  axis  of 
rotation  ;  the  error  due  to  reading  oil'  a  flat  instead  of  a  curved  scale 
should  be  determined  ;  the  mirrors  should  be  optically  plane,  and 
some  method  of  correcting  or  allowing  for  errors  due  to  small 
displacements  of  the  specimen,  telescope,  or  scale  should  be 
provided. 

Again,  if  rollers  arc  used,  as  in  the  Bauschiuger  instruments  for 
converting  linear  to  rotary  motion,  they  should  be  accunitely 
circular.  Stromeyer  has  successfully  employed  wires  for  this 
purpose.     In  some  cases,  however,  the  wire  was  only  one  millimetre 


*  Fur  example,  the  Buzby  Kxtcn6omct4.r,  and  anotLcr  tleeeribcd  in  Slurtcns' 
Handbook  uf  Tcetiug  Materials,"  I'art  I,  iiages  o35-G. 
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in  diameter,  and  it  is  doubtful  whether  such  a  small  roller  could  be 
trusted  to  be  circular  in  section.  In  micrometer  apparatus,  errors 
such  as  those  due  to  the  imperfections  of  screws  are  included. 

(5)  It  should  not  be  necessary  to  touch  the  instrument  by  hand 
during  an  experiment.  Apart  from  other  reasons,  it  is  sufficiently 
obvious  that  handling  an  instrument  is  liable  to  alter  slightly  its 
adjustment. 

(6)  Any  measurements,  which  have  to  be  independently  made, 
should  be  such  as  are  easily  capable  of  sufficiently  accurate 
determination.  The  independent  measurements  include  that  of  the 
gauge  length  of  the  specimen  and,  in  mirror  apparatus,  the  normal 
distance  of  the  scale  from  the  reflecting  surface.  Thus,  if  an 
accuracy  of  say  0-1  per  cent,  is  desired,  the  distance  between  the 
gauge  points  of  a  10-inch  specimen  must  be  obtained  at  least  to  the 
nearest  y^^  inch. 

(7)  The  instrument  should  be  supported  at  the  gauge  points 
only,  and  no  part  of  it  should  be  in  contact  with  any  portion  of  the 
testing  machine.  In  Professor  Kennedy's  mirror  apparatus  of  1879,* 
the  mirror  spindle  was  connected  to  the  frame  of  the  machine. 
This  was  one  of  the  reasons  which  led  him  to  cease  using  it  in 
favour  of  the  mechanical  apparatus  described  later. 

(8)  The  instrument  itself  should  be  free  from  strains,  especially 
those  which  are  liable  to  vary  with  the  load  on  the  specimen. 

The  above  eight  conditions  may  be  taken  as  indicating  what 
should  be  expected  in  an  ideal  instrument,  and  it  should  be  stated 
here  that  some  reliable  extensometers  are  now  in  use  in  which  one 
or  other  of  these  conditions  is  not  fulfilled. 

An  idea  of  the  uniformity  of  measurements  obtained  by  different 
instruments  can  be  obtained  from  the  reports  of  the  "  Calibration  of 
Instruments  "  Committee  of  the  British  Association.f 


*  Described  and  illustrated  in  "  Engineering,"  1879,  vol.  xxviii,  pages  245 
and  248. 

t  Keport  of  British  Association  1896,  page  538,  and  1897,  page  424. 


ArKii.  ItKM. 


MKAHCRKMKMT    OF    KTBAINH. 


483 


FlQ.  6. — Keniiftly. 


KjtUnwmi  trr*. 

Vio.  l.—A»heroft. 


c^-K 


■'^^0 
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Fio.  8. — Marten$. 


Fig.  9. — Stromtytr. 


Fm;.  10. — GooihudH. 
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Instruments  in  which  the  Displacement  is  Considerably 
Magnified  before  the  Measurement  is  Effected. 

4.  Meclian'ical  Magnification. — Kennedy's  Extensometer.* — This  is 
shown  in  Fig.  0  (page  488).  It  consists  of  a  framework  h  c  carrying 
the  lever  /,  pivoted  at  d.  It  is  kept  in  position  by  elastic  bands  or 
springs  q  q,  a  weight  w  helping  to  preserve  the  balance.  When  tLe 
.specimen  extends  the  gauge  points  a^  a.,  move  apart,  and  the  other 
end  of  the  lever  /  moves  over  the  plane  g  which  is  covered  with 
section   paper.     The   readings   can  be  taken  to  the  nearest  ^(j^|m^ 


Martens'  Lever  Extensometer.] — See  Fig.  8  (page  4S3).  This  is 
similar  in  principle  to  Kennedy's.  The  lever  is,  however,  formed 
by  a  diamond-shaped  piece  A,  to  which  the  arm  B  is  connected,  and 
the  scale  consists  of  a  curved  bar  C  attached  to  the  frame  D. 

The  illustration  shows  tlie  instrument  arranged  for  taking 
simultaneous  readings  on  two  opposite  sides  of  the  specimen.  S  is 
a  spring  pressing  the  two  frames  inwards,  and  so  enabling  them  to 
bo  held  on  the  specimen.  When  the  magnification  is  50,  readings 
can  be  conveniently  taken  to  ^ J-j  ram. 

Stromeyer'' s  Extensometer.\ — Fig.  9  (page  483)  is  of  the  roller 
type.  The  rollers  are  made  of  wire  of  small  diameter.  They  carry 
index  fingers  /  /,  and  are  held  in  position  between  flat  plates  p  p 
by  the  pressure  of  the  springs  s  s.  Results  have  been  obtained  in 
which  each  scale  division  represents  i7J7ui77j  inch,  and  a  further 
estimation  could  be  made. 

Goodman's  Extensometer.% — From  Fig.  10  (page  483)  it  will  be 
seen  that  this  consists  of  a  100  to  1  lever  a,  moving  over  a  graduated 

*  Proceedings  Inatitution  of  Civil  Engineers,  vol.  Ixxxviii,  page  24. 
t  Martens'  "Handbook  of  Testing  Materials,"  vol.  I,  page  546. 
J  "A  Strain  Indicator  for   Use  at  Sea,'*  Transactions,  Institution  of  Naval 
Architects,  1886,  page  33. 

§  '^Engineering,"  11  Sept.  1896. 
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scale.  Tlio  pillarB  l>  b  transmit  the  motion  of  tho  clips  c  c  io  this 
ItiviT.  Till"  Kfiilf  iK  carrioJ  by  u  very  li^^lit  fniinc  /,  uiul  it  is  evidont 
tliut  tin  oxUaisiun  uf  tlio  specimen  prmluces  u  iKsnding  struin  in  this 
frame.  Nevertlu-Ioss,  wlien  tliu  instrument  is  calilifutcj  on  an 
indepundf'nt  meusiirin^  nmchint;  it  eun  l>o  used  for  reading  to  ,„,„„„ 
inch. 

Mfgsrs.  Jusliitii   liuchtim  (lud    (^><.  supjdy    the  inKtrunietit    hlioWTi 

in    Figs.    11    and    12    (page   48^).       No    occount    of    it    ImK    !•< cii 

previously    puldished,    and    the     uiitlior    is    indebted    to    Mr.    J. 

Hartley    Wicksteod,    President,    for    a    description   of    its    action, 

and    for  the   drawing   from    which    Fig.   11    was   produced.     It    is 

particularly  intorcr^tiug  as  an  example  of  an    extensometer  which, 

although    jiartly    supported    by    the    framework    of    tlie   machine, 

preserves  tho  accuracy  of  its  r<adings  when   tho  specimen   moves 

bitdily.     It  is  designed    for  a  specimen  that  lies  horizontally.     In 

Fig.  11  (page  48G)  A  and  B  are  the  gauge  points  at  which   tho 

test-pieco  T  is  gripped  by  two  paire  of  set-screws.     C  and  D  are 

levers,  the  former  being  continued  in  tlio  form  of  a  light  aluminium 

quill  to  carry  the  index  vernier  at  V.     The  sciile  S  is  attached  to 

tho  bar  E  which  is  pivoted  to  C  at  F,  and  carries  tho  set-scrows  A  A. 

Tho  points  H  K   and   P  Q  are   kept  at  a  fixed  distance  apart  by 

their  respective  cross-bars,  and  the  lengths  of  these  can  bo  varied 

for  specimens  of  different   gauge   length.     At   11  and  K  also   the 

instrument  is  supported  by  points  on  small  sliding  blocks  earried  on 

stationary  brackets.     The  princijde  of  its  action  can  be  understo(»d 

if  we  imagine  the  points  A  II  and   K  to   remain  fixed  whilst  tho 

specimen  extends   by  a  displacement  of  B.     The  {K)int£  Q  and  P 

will  then  move  through  a   greater  distance  than   B   in    the  ratio 

O  K 

U  K'     '^"*^<^  ^^^  point  F  must  remain  in  position,  the  index  V  will 

move  through  a  distance  which  is   further  magnified  in   the  ratio 

V  P 

y,,  j„  and  its  displacement  can  bo  read  on  scale  and  vernier. 

Again,  suppose  the  points  H  and  K  remain  fixed  and  that  tho 
specimen  suffers  a  bodily  displacement  in  the  direction  of  its  axis, 
the  j>oints  Q  P  and  F  will  then  move  by  amounts  proportional  to 
their  distances  from  II  K,  and  the  reading  of  the  vernier  will  not  be 
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Extensometer. 
Fk;.  11. — Buchton. 


Fig.  12. — General  view  of  the  above  Ezienf^ometer. 
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ufrec-tcd.  Mr.  WiclcBtoed  sUtos  Uiat  tLo  inHtrumtut  is  accurate  iu 
working  ami  returuB  exactly  tu  zcru  un  rclioviog  tho  tc-UBiou.  The 
hhortoKt  distiiuco  betwccii  the  ccutros  is  ouo  iucb,  uud  tlaru  is  no 
lotit  motiitu.  Tliu  tutul  maguificatiuu  is  50,  ami  tho  eluugatiuus  are 
rcatl  on  the  vernitr  to   ,  ^..^oo  '"ch. 

Athrrojt  ha8  iluscribcd  a  single  lever  extenaometer*  ahown 
(liagrammatically  iu  Fig.  7  (page  483).  The  knife  edge  A  is 
rigidly  fixed  to  the  upper  end  of  tho  gauge  length,  whilst  that  at  li 
is  attached  to  the  lower  end.  The  small  urm  of  the  multiplying 
Itver  L  is  between  these  knife  edges,  whilst  the  extremity  of  the 
larger  urm  indicates  the  extension  on  the  scale  S.  With  a  lever 
'21  inches  long  a  magnification  of  200  is  obtained. 

Other  instruments  which  may  be  mentioned  belonging  to  this 
class  are  those  of  Colonel  Paine,"!"  Bach,  and  Neel  and  Claremont.J 
The  last  of  these  is  arranged  to  automatically  record  the  elastic 
strains.     Bach's  is  described  later. 

5.  Oj/tical  Ma<juijicatiou. — The  introduction  of  mirror  apparatus 

for  the  measurement  of  strains  is  principally  due  to  Bauschinger, 

In  the  following  instruments  the  change  of  length  of  the  specimen 

is  conceited  into  rotary  metitu  of  the  mirror,  and  is  read  by  means 

of  a  telescope  and  scale. 

Bauschinger  s  Instrument  §  is  shown  in  Fig.  13  (page  iSS).  Two 
clips  a  a  uLd  fe  6  i  re  piesscd  against  iLesjecimtu  ;  c  care  light  springs 
which  prcts  outwaids  against  rollers  J  d.  These  rollers,  which  are 
of  caoutchouc,  arc  carried  by  the  clip  h  b,  and  themselves  carry  the 
mirrors  g  g.  As  the  specimen  extends  the  rollers  rotate,  and  these 
rotations  are  measured  by  means  of  the  telescopes  e  e  and  scales  //. 

•  PrcceedingB,  Institution  of  Civil  Enprinecrs,  vol.  dv.  page  266. 

t  Martins'  "*  Handbook  of  Testing  Matt  rial*,"  page  54.") ;  Unwin's  "  Testing 
of  Materials  of  Coiibtruction,"  page  215;  and  Abbot's  '\Tt8ting  Machines," 
page  8C. 

X  '*  Stahl  uud  Eisen,"  181*5,  pages  575  and  673;  also  "  Martens'  Uaudbook 
of  Testing  ilaterials,"  page  549. 

§  Set  BauscLinger's  •' Machine  z.  pru't-n  Fe*tigkeif,  etc.,"  Miiuches,  ISS'l; 
also  "Mittlieii  Mech.  Tecli.  Lab.  Muncheu,"  H.  1  u.  3. 

2  L 
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The  rcBults  iiru  rcct)rded  to  -^o-o-^oinm.  To  Bauscliiugcr  belongs  the 
credit  of  first  systoiuatically  taking  double  mcasuremcuts  ou 
opposite  sides  of  a  test-bar. 

Fig.  I'd. — JUauschinger. 
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Fig.  :  11. — Martens. 
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Fig.  15. 
Front  Elevation. 


Martens^  Mirror  Extensomeier* — This  is  au  improvement  on 
Bauscbinger's,  as  it  bas  a  mirror  on  eacb  side  of  the  specimen  ;  but,  as 
is  shown  in  Figs.  14  and  15,  the  rollers  are  replaced  by  pieces  of 
steel  a  a  of  rhombic  section,  the  inner  edges  of  which  bear  against 


*  See  MartenB'  "IJandbook  of  Testing  Materials." 
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Uio  t«0t-ptocu.  It  will  bo  uuticcJ  thut  the  uxlih  are  dune  aM*/  witb, 
n  n  buiDg  sujtiHtrUtl  by  frictiuu  uuly.  In  Kig.  11  ihu  mirrorh  aup 
Ulirrur-fnuucH  arc  uot  shuwu.  Fig.  15  iii  a  fruut  cloTatiuu  uf  Uio 
mirmr  utt4U'biut<iit  on  duo  hiiIo  uf  tbu  K]>ccitiicu.  M  iii  tbn  uiirrur 
carritnl  iu  iho  fniiiiu  F  by  iikuuh  uf  {tirutii  ucutred  iu  Humll  buleti 
ilrilloil  ill  the  gbihM.  Au  tuljiiHtiug  scruw  ia  uu  tho  revvn»e  itidu  of 
the  mirrur,  by  muauii  uf  which  it  may  be  rutatcU  about  iU  axiit,  aud 
this  Hcrcw  in  u]ii>ut>od  by  the  Kjtriug  V.  Tbu  weight  of  thiuse  i«rt<i, 
boiuj^  burno  uu  lliu  rln»iubic  piofc  ii,  iH  Italuiiccd  by  a  weight  W. 
Q  is  a  jioiiiter  attached  tu  a,  uriangeil  t>u  that,  wheu  ita  end  in 
adjustoil  tu  uuo  tdgo  uf  the  btrip  13,  tho  mirrur  is  iu  it<>  cuiiccl 
iuitial  iKuiitiuu.  These  iubtrumcuts  bear  ugaiubt  u  ruuud  B|>ecimi-u 
at  four  |Mjiut8,  aud  it  is  cleurly  ucccssury  tu  pruvido  an  odditioual 
coustraint  preveutiug  rutatiuu  about  the  axis  of  the  spocinieu.  This 
is  effected  by  ulluwiug  the  t-priDg  R  to  rcbt  iu  grooves  at  c  c.  With 
a  flat  hpecimeu  coutoet  is  made  on  eueh  bide  by  two  puints  at  one 
extremity  of  tho  gauge  leugth,  thus  cusuriug  abbolute  rigidity.  Two 
telescopes  are  required  for  reudiug ;  more  recently  one  has  been 
tried,  but  nut  with  complete  success.  Miasuremeuts  may  be 
obtained  to  the  nearest  .j5o!oou  inch. 

Kir$ch'a  ExUnsomcler*  differs  from  Mai  tens'  by  using  one 
telescope  only,  and  by  having  ccntact  with  flat  as  with  round 
s]^>€cimens,  by  two  points  instead  of  u  knife-edge  at  one  extremity  of 
tho  gauge  length. 

Uenning'a  Mirror  Kzlentomclcr.'\ — This  differs  in  two  im|>ortant 
respects  from  the  Murteus'  instrument.  The  mirror  sjiindlc  pas^cs 
through  a  frame,  in  which  there  is  a  small  screw  for  a^ljustiug  the 
initial  position  of  tho  spindle.  The  instrument  is  transformed  into 
a  single  unit  by  connecting  tho  two  t-ides  together  at  the  end  away 
from  the  mirrors.     This  connection  is  of  rectangular  bha|»e,  having 

*  "  W<jchcuM;Lriftde«0«.ett'rrticLificlicnIjigeiikur-uuJ  Arcliitt;kl4.D-Ncr«iiic,' 
l»Jl,  page  13U. 

t  TranMCtioua,  American  Society  of  Mechauical  Hnginten,  May  l^'.y:. 
page  84y. 
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two  set-screws  for  attachment  to  the  specimen,  and  is  divided  into  two 
halves  joined  by  a  hiuge.  It  can  therefore  he  opened  and  attached 
to  the  test-piece  without  the  necessity  of  marking  off  the  gauge-length. 
The  readings  are  taken  to  -^^^75^0  iiich. 

6.  Single  Mirror  Apparatus. —  Unioiri's  Single  Mirror  Apparatus.^ — 
This  is  an  attempt  to  obviate  the  necessity  of  taking  double 
readings,  by  attaching  the  instrument  by  four  set-screws  a  h  and  so 
obtaining  motion  of  the  mirror  due  to  the  mean  extension  of  the 
test-bar.  In  Fig.  16,  C  is  a  distance-piece  fitted  in  punch  marks 
between  E  and  F,  and  supporting  the  weight  of  the  former;  the 
screw  S  is  for  adjusting  and  holding  F  normally  to  the  axis  of  the 
test-piece.  The  spring  P  presses  against  a  roller  carrying  a  mirror 
M,  and  causes  it  to  rotate  when  the  length  a  b  suffers  any  alteration. 

Hartig's  Apparatus^  is  rather  complicated.  It  is  shown 
diagrammatically  in  Fig.  17.  A  and  B  are  two  frames,  each 
clamped  to  the  specimen  at  three  points.  T  T  are  thin  steel  tapes 
fastened  to  the  frame  B  and  passing  over  pulleys  P  P,  which  are 
carried  by  the  other  frame.  The  pulleys  transmit  the  motion  to  the 
compensating  beam  C,  and  this  gives  the  mean  motion  by  another 
tape  to  the  mirror  axis  Q. 

Martens  has  also  constructed  a  single  mirror  apparatus  \  on  the 
principle  indicated  in  Fig.  18.  The  frames  A  and  B  are  attached  to 
the  test-bar  by  four  set-screws  S  S.  The  uj)per  frame  is  steadied  in 
position  without  constraint  by  a  spring  C  attached  to  A,  but  free  to 
slide  on  the  neck  of  the  set-screw  in  B.  Two  rods  D  D  stand  on 
the  points  of  screws  in  the  lower  frame,  and  on  their  upper  ends 
carry  the  bridge  E.     This*  bridge  is  supported  freely  between  the 


*  Proceediugs,  Physical  Society,  vol.  viii,  page  178. 

t  "  C'ivilingenieure,"  1893,  part  6. 

%  See  Martens'  "  Handbook  of  Testing  Materials,"  Part  I,  page  590. 
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ondrt  of  D  n,  uiiil  iioints  F  F  «)ii  A  ;  it  ciirrioH  tlu*   inirnir  iixin   and 
mirror  as  ut  M  in  the  iiliin.     Tlio  short  una  of  tho  niirntr  in  thus 


Kirt.  It).  —  Uinrit. 


Flc.  ll.  —  ll.ir(i,i. 
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tho  distance  F  D  <jn  the  plan ;  there  in  therefore  sorao  difficulty  in 
determining  it  with  sufficient  accuracy. 
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Instruments  in  wnrcn  the  Deformation  is  Measured  with 

LITTLE    OR    NO   MAGNIFICATION. 

7.  Extensometers  witli  Micromotor  Screws. — All  these  instruments 
have  to  be  touclied  by  hand  many  times  during  an  experiment.  One 
of  the  earliest  was  designed  by  Professor  R.  H.  Thurston  in  1875, 
this  being  the  first  in  which  two  micrometer  screws  were  placed 
symmetrically  on  each  side  of  the  test-piece,  and  in  which  electric 
contact  was  employed. 

Bieltle  Bros,  of  PhUadelphla  construct  tlie  instrument  shown  in 
Fig.  19  (page  493).  It  consists  of  two  rings  A  B  secured  to  the 
specimen  by  four  set-screws  S  S.  They  are  prevented  from  rotating 
by  the  springs  P  P  in  contact  with  the  specimen,  and  the  distance 
between  them  is  measured  during  tlie  experiment  by  a  micrometer 
end  gauge  M.     Eeadings  may  be  estimated  to  f  ^^15^  inch. 

Henning's  Micrometer* — In  Fig.  20  (page  493)  to  m  are  the 
micrometer  screws  carried  by  the  lower  frame  B.  Each  frame  A 
and  B  grips  the  specimen  between  two  steel  points  h  li  and  two 
knife-edges  c  c.  "When  the  specimen  extends,  the  ends  of  the  screws  // 
are  brought  into  contact  with  the  plugs  g  g,  and  this  is  indicated  by 
the  ringing  of  an  electric  bell,  the  circuit  of  which  passes  through  /  g. 
The  extension  is  read  on  the  vertical  scales  e  e  and  on  the  micrometer 
heads  m  m.  The  bars  d  are  used  in  fixing  the  clips  the  correct 
distance  apart.  They  are  moved  away  when  the  instrument  is  in  use. 
The  frames  A  and  B  can  be  opened  for  attaching  to  the  specimen. 

Marshall's  Extensometer  differs  from  Henniug's  in  having  open 
frames  which  can  be  merely  placed  about  the  test-piece.  The 
micrometer  screws  and  contacts  are  placed  nearer  the  lower  frame. 
The  adjusting  bars  d  are  omitted,  and  the  knife  edges  c  c  are  replaced 
by  sirring  rollers. 

*  Transactions.  American  Society  of  Mechanical  Etigineers,  1SS5,  page  479. 
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The  Tale  Extcnsometcr  is  very  similar  to  Marsliall's,  except  tliat 
there  is  a  vertical  rectangular  bar  to  maintain  the  frames  in 
parallelism  and  adjust  the  instrument  to  gauge-length,  the  spring 
rollers  being  omitted. 

Unwinds  Screw  ExtensometerJ* — In  this  instrument  many  of  the 
kinematical  errors  of  the  three  jireceding  arc  entirely  avoided.  It 
is  shown  in  Fig.  21  (page  493) ;  a  a  and  h  h  are  the  four  set-screws 
passing  through  the  two  clamps  or  stirrups.  The  lower  one  carries 
the  micrometer  screw  e,  on  the  top  of  which  the  upper  one  rests.  The 
lower  clip  is  set  level  by  adjusting  the  screw  d  and  spirit  level 
c,  ami  the  upper  one  by  the  micrometer  screw  e  and  level  /.  The 
bar  r  is  of  adjustable  length  to  suit  diflferent  test  pieces.  The 
instrument  described  reads  to  57^5-57;  inch. 

GarraWs  Extensometer \  is  shown  in  Fig.  22  (page  493).  Two 
pairs  of  parallel  steel  plates  B  and  C  are  pivoted  together  at  F,  and 
attached  to  the  specimen  by  screws  E  E  at  the  gauge-points.  A 
micrometer  screw  M  is  pivoted  to  the  lower  pair  of  plates.  It  has 
twenty-five  threads  to  the  inch  and  two  hundred  divisions  on  the 
disc.  There  is  a  mechanical  multiplication  of  two.  The  length  of 
the  instrument  can  be  adjusted  by  the  check-nut  L.  The  spindle  H 
passes  through  the  guide  K,  and  carries  a  pointed  pin  on  its  upper 
extremity.  This  pin  is  part  of  the  mechanism  of  an  aneroid 
barometer,  and,  when  the  specimen  extends,  its  motion  produces  a 
displacement  of  the  aneroid  needle.  The  measurement  is  efiected  by 
turning  the  micrometer  screw  M  until  the  needle  is  brought  back  to 
its  original  position,  the  delicacy  of  the  aneroid  being  greater  than 
that  of  the  screw. 

8.  Microscope  Beading. — Cathetometers.  The  use  of  cathetometers 
for    measuring    strains     has    been     abandoned    because    of    their 


*  Proceedings,  Physical  Society,  vol.  viii,  page  178 ;  see  also  Un win's  "  Testing 
Materials  of  Construction." 

t  Proceedings,  Institution  of  Civil  Engineers,  vol.lcxxviii,  page]321. 
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inconronionoe  and  liiuitod  officicncy  for  mjch  purp<t«c«.  luhtrumenu 
are  h«.wfver  eoiiHtriicUKl  on  tli<i  princij)!!*  of  tho  reatliug  iiiirri»*cop« 
or  comparator.  St>nie  of  thino  art»  deMcribed  iti  this  Kction,  and 
othen  will  be  found  amungiit  thv  instrumentit  uhchI  in  comprcaston 
tMta. 

Jenny  $  Apparatus  •  (dcTlsoJ  by  Mr.  0.  SUrke)  oonaiaU  of  two 
uiicrometric  nncroseojHJK  a<lju8tablc  botb  along  and  acrooa  tbe  teat- 
piece.     It  reads  to  about  .ja'^-^;;  incL. 

Swing's  Kxtensometrr^  is  the  inRtrument  which  has  boon  used  for 
the  most  accurate  work  iu  this  country.  It  is  shown  in  its  laU^t 
form  in  Fig.  23  (page  490).  The  two  clips  B  and  C  are  attaclied  to 
the  specimen,  each  by  two  set-screws.  The  former  carries  tho  rod 
B'  ending  in  a  round  jMjiut  P  which  engages  with  a  conical  liole  in  C. 
B  B'  are  juinteJ  together  so  that  the  sjiecimen  may  twist  a  little 
without  affecting  the  bearing  at  P.  When  the  specimen  extends,  P 
aeires  as  a  fulcrum  for  C,  and  hence  the  point  Q  is  displaced 
twice  the  distance.  This  displacement  is  measured  by  the 
microscope  M,  carried  on  B,  the  motion  of  Q  being  bruuglit  into  the 
field  by  the  hanging  rod  R  which  carries  a  mark  on  which  the 
microscope  is  sighted.  The  rea<lings  are  tiiken  on  a  micrometer  scale 
in  the  eye-piece  of  M,  and  are  effected  without  touching  the  specimen. 
The  screw  L  is  to  bring  the  mark  initially  to  a  convenient  jwirt  of 
the  scale.  The  readings  may  be  estimated  to  a7;;Voo  inch.  A 
clamping  bar  is  providetl  for  attaching  the  instrument  correctly  and 
to  the  required  gauge  length. 


9.    ExTENtSOMETEBS    FOB    UsE    ON    ACTDAL   STBUOTITBSa. 

Many  of  the  foregoing  instruments,  such  as  thoae  of  Stromeyer 
and  Colonel    Paine,  could  be  used  to  ascertain  the  alterations   of 


•  Jfniiy*B  "  Fe*tigkeit«  Versuche,"  Vienna,  1878 

t  Proceeding   KotuI   Societj,  rol.  Iriii:    m*  alau   Eving'i   "Strength   of 
MAtcriak." 
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llenning. 


Fig.  25. 
Manet,  Rahnf,  and  Deidler. 
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longth    of    (litToront   raambore   of    HtructiiroR.      S<imo    iiiHtruiiieiiti<, 
howo?«T,  h«vo  bocii  KjMviully  cotiKtrucUjd  for  tluH  j»uriK»»M». 

(Itie^yrr'tt  FxlfH$>>iH*'lt'r.'  -Thin  was  ubc«1  on  \«U'^  Iwirs  fur  tin- 
Kieff  Bridge  in  1S50.  It  consiKtcil  «»f  ii  li^lit  tiilio  alxmt  1  f.-«t  loug, 
with  (I  fork  at  i>ach  ouJ  which  fitted  apiinHtpinB  attochoil  tii  the  t«it- 
b^r.  One  of  the  forks  was  fret»  to  slido,  and  oarritd  a  voniier  on 
which  the  ext<'nsions  wore  observed. 

Dupuif's  Ertr'ntnmrter  ^  consists  of  a  20  to  1  lever  with  its 
fiilenim  on  the  bar  to  l>e  tested.  Tho  Kver  teriniuat«8  in  a  pointer 
moving  over  a  gnidiiuted  are  carried  by  the  fulcrum  piece.  Tho 
short  end  of  the  lever  is  attachetl  to  a  bar  one  metre  long,  and  the 
other  end  of  this  is  fastened  U)  the  test-piece.  Each  millimetre 
movement  of  the  pointer  reprosents  a  stress  f)f  1  kg.  per  mm-,  (i.e. 
0-G35  ton  per  square  inch). 

TTt'iinin'jK  Edt'iisniU'^ter  *  with  wrapping  connector,  is  shown  in 
Fi''.  24  (page  A\)C>).  It  is  carried  on  a  telescopic  nnl  (not  shown),  one 
end  of  which  is  clampe<l  to  the  test-bar  at  one  gauge  mark,  and  the 
other  end  is  free  to  slide  in  the  post  D.  D  is  attached  to  the  bar  at 
the  other  gauge  mark  by  the  point  G  and  a  clamp.  A  thin  st«el 
tape  T,  fiisteued  to  D,  pas.'ies  round  II.  Elongati«»n  of  the  test  bar 
therefore  causes  the  large  divided  circle  C  to  rotate,  and  the 
extension  is  read  to  ,  ^^^^  inch  by  the  vernier  V  and  the  magnifying 
glass  M. 

Lf  Chatelier  §  describes  an  apparatus  consisting  of  a  thin  diaphragm 
of  large  area  acting  on  a  vessel  full  of  water,  with  which  is 
connected  a  glass  tube  of  small  diameter  open  to  the  air.  Alteration 
of  length  of  the  specimen  slightly  alters   the  diaphragm,  and   so 


•  Procoedings.  Institution  of  Mechanical  KuRine^ri.  IKTS.  pape  2.'^ 

t  AnnaleM  dea  PontiJ  et  C"hau««jfc«.  ith  «trie«.  Tol.  xiv,  ptige  381. 

X  TraoMctiuiuL,  American  Society  of  Mechanical  Eti^ne<>r(.  188.'».  pa?«  123 

§  Annale*  do  PoQta  et  Chaaaa^en.  Jnne  18W 


498  MEASUREMENT    OF    STRAINS.  APRIL  1904. 

causes  the  water  to  rise  or  fall  in  the  tube.  With  a  magnification 
thus  produced  of  1,000,  and  a  gauge  length  of  36  inches,  the 
extension-reading  of  a  wrought-iron  bar  is  about  3  inches  for  a  stress 
of  one  ton  per  square  inch.  The  instrument  requires  constant 
calibration. 

The  Instruments  of  Manet,  Bahut*  and  Deistler  "j*  consist  of  a  rod, 
one  end  of  which  is  fixed  to  the  specimen,  while  the  other  is  in 
contact  with  a  toothed  arc  gearing  into  a  pinion  moving  a  light 
pointer  over  a  graduated  dial,  the  pivot  of  the  arc  being  fixed  to  the 
specimen  at  the  other  extremity  of  the  gauge  length.  The  principle 
is  shown  in  Fig.  25  (page  496). 

10.  Instruments  fob  use  in  Compression  Tests. 

Many  of  the  following  instruments  could  also  be  used  in  tensile 
experiments.  Those  mentioned  below  are,  however,  more  generally 
used  in  compression  tests,  and  are  usually  described  in  that  connection. 
Similarly,  those  already  considered  can  be  employed  for  compression 
experiments,  provided  the  test-column  is  sufficiently  long  to  admit  of 
their  use.  Instruments  in  which  the  measurements  are  taken 
between  j)ortions  of  the  testing  machine  are  not  described. 

Bach's  Extensometer.  | — Fig.  26  (page  496)  shows  the  apparatus 
used  by  Bach  for  crushing  tests  of  concrete  blocks.  The  instruments 
are  placed  on  opposite  sides  of  the  specimen  and  secured  by  four 
set-screws  in  each  frame  A  and  B.  A  supports  the  double  levers  C 
and  D,  and  the  graduated  arc  E.  B  carries  the  adjusting  screw  S 
which  supports  the  distance  piece  F.  F  can  be  adjusted  to  suit 
different  lengths  of  specimens.  The  segmental  end  of  C  is  connected 
to  the  roller  of  D  by  a  thin  steel  tape.  The  magnification  is  300, 
and  the  readings  can  be  taken  to  about  ^^g^^oo  inch. 


*  Annales  des  Fonts  et  Chaussees,  Nov.  1895. 

t  Technische  Blatter.    Vierteljahrschrift  PolytechniscLen  Vereines,  Bohmen, 
1889,  page  17. 

X  Bach's  "  Elasticitat  und  Festigkeitj"  (Berlin),  page  105. 
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The  Iitttiunuiit  of  liurami  Claij  •  Im  very  Hijuilur  to  Bach'ii ;  but 
tlic  thiu  Ktoel  tujK.!  iH  uut  Ubcd,  thu  iiegmeiittti  unit  goariug  by  muiuii 
of  Biuall  tuotli  witli  a  piuiou  un  D. 

MarUiiti'  Mirror  Apjtaralu*  for  Crushimj  Titls.^ — For  cubos  oi 
btoue  or  coucrote,  MarteuH  htm  U8ud  thu  iuHtrumuut  hLowu 
iliagfttiuiuutically  iu  Fig.  27  (page  500 j.  The  rod  K  touchea  tbo 
KjK'ciiueu  S  by  two  forked  kuifo-etlges  A  formed  at  iU  lower  oud. 
At  the  ui»i)er  eud  is  the  mirror  fulerum  M,  pre6i>ed  agaiobt  the 
saddle  C  by  tbc  rubber  baud  or  spring  E.  This  saddle  rest*  by  two 
forked  kuifc-eilges  at  B  and  the  tail-pitce  at  D.  At  A  and  B  are 
showu  small  i^uautities  of  wax  or  resiu-putty  which  may  be  used  to 
ensure  the  permanency  of  the  position  of  the  knife-edges. 

Martens'  Apparatus  for  Short  Blvcks  J  is  constructed  on  the  lines 
of  Fig.  28  (page  500).  It  consists  of  two  pieces  C  D,  each  provided 
with  a  gapped  fulcrum  A  B  bearing  on  the  specimen,  thus  providing 
four  jxtints  of  contact.  K  is  a  roller  and  M  the  mirror  fulcrum. 
There  is  of  course  a  similar  apparatus  on  the  other  side  of  the 
specimen,  and  the  two  are  braced  together  by  a  cylindrical  spiral 
spring  on  opposite  sides  of  the  specimen.  The  apparatus  is  used  for 
gauge  distances  of  1  cm.  (O'-l  inch)  when  the  readings  are  estimated 

to  about  ii,J.„„o  i^c^- 

Untcins  lustrumtnt  for  Short  BhcJcs.^Fig.  29  (page  500).  This 
combines  a  lever  /,  having  a  mechanical  magnitication  of  2J^,  with  a 
micrometer  microscope  M.  The  rectangular  frame  c.,  is  clamped  to 
the  specimen  by  four  set-screws ;  it  carries  the  pillar  p,  on  which 
rests  the  knife-edge  of  the  upper  frame  «i.  The  ni)i)er  frame  is 
attached  to  the  block  by  two  set-screws.  The  ends  of  /j  and  /^  carry 
silvered  plates  with  a  fine  scratch  on  each.     The  compressions  are 

•   AnuuliB  defl  Fonts  ut  (.  bau«>«*eii?,  IMSS  X\  ;  Text  XVI,  ■.  1H3. 
t  Mai  tens'  "  Handbook  of  Tctting  MateriaU, "  liayee  581-2. 
I  /bW.  pagcsMl  2. 
^  Unwin'a  "  Tcbling  31uteriiil8  of  L«>uiitructiou,"  page  225. 
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muu>ur«xl  liy  ultMivuig  lilt  iiihiuim  l-tiwun  ilitht  Miiiitinr>  tluriug 
the  tcbt,  ttuil  lliih  cttu  l.o  ilttcrmimil  to  ,,.,'„„„  inch.  'I'Ijc  iublrumcul 
givoH  by  tt  ttiuglu  rcudiug  tho  luuuu  coiujirciuiiou  uf  ihv  twu  bideii  of 
tbo  block. 

Etcinys  Exten»umilcr /or  Shurl  liUK-kt.*  From  Fig.  'M  (i>«ge  SOO) 
it  will  be  Hcfii  lliiil  ihib  is  bubhUutially  iLc  nunc  as  the 
correepuudiiig  iiibtruimnt  used  fur  teUbilc  txi>triuient»».  The 
uiecbanicul  luultiplicaliuu  is  binvover  iucnoiicd  to  ttii  tiuub,  the 
distiincc  of  Q  from  tlic  axis  being  uiuo  timeii  that  of  P.  Tbo  motion 
of  Q  is  trauBfcrrod  to  the  field  of  tbe  microecoiM)  by  u  vortical  piece 
ut  Q  joiute<l  to  Ibf  lever  V  Q.  The  niicroiicopc'  ib  bightcd  on  u  bmall 
jticce  of  ghihb,  ou  which  ure  two  fine  hurizunliil  lines  ut  u  distance 
ajmrt  of  ^'^  inch.  The  uiicroscojK)  is  atljubted  to  make  these  line* 
include  500  units  of  the  oyc-piccc  scale.  Kath  unit  then  corrcsixindb 
to  an  extension  of  .jio'.ooo  i"^h. 

Conclusion. — It  is  scarcely  nccessury  to  state  thut,  iu  the 
comitiliitiou  of  the  second  juirt  of  this  I'lijicr,  the  author  hub  drawn 
largely  from  such  standard  >\orks  as  Trofessor  Martens'  "  Handbook 
of  Testing  Mutcrials  "  (trunslatcd  by  G.  C.  Ileuning),  and  Trofetsor 
Unwin's  "  The  Testing  of  Materials  of  Construction,"  and  also  from 
the  various  technical  and  scientific  publications  to  which  reference* 
are  made.  Whilbt  the  dcscrijitionb  given  are  not  exhaustive,  it  is 
hoped  that  all  the  more  imi)ortant  instrument*  have  been  mentioned. 
It  is  ]K>ssiblc  however  that  some  inuy  have  been  overlooked,  and  the 
author  has,  in  fact,  heard  of  a  few  eitensumeters  of  which  be  is 
unable  to  find  any  published  account. 

The  Taper  is  illustrated  by  30  Figs,  in  the  letterpreea. 
*  Truccediu^a  Bujral  Suciety,  vul.  Iviii. 
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MEMOIRS. 

Walteu  Skckpobo  BiiKwsTKii  WHS  born  on  lOlh  May  184C.  At 
tho  age  of  oightoen  hu  woa  aitprcutictnl  to  MosKrrt.  I.uinl  Drothcrii, 
Birkenboad,  and,  on  tbe  exi>irati<jn  of  bU  time  in  IhOk,  bo  outc-red 
tbe  looomotiTo  works  of  MesKrK.  Beyer,  Peacock,  and  Co.,  Gorton. 
After  working  for  a  few  years  in  tbe  fitting  and  erecting  sbops,  be 
was  employed  by  tbo  firm  in  delivering  locomotives  to  various 
nijhvays  in  Kurojw,  Soutb  America,  and  otber  countries,  and 
subsequently  in  Australia,  wbere  bo  finally  fi-ttled.  He  acted  as 
tbeir  representAtivo  from  1878  to  1894  ;  and  in  tbe  latter  year  bo 
commeucoil  business  on  bis  own  account  in  Sydney.  His  doatb  took 
place  at  bis  residence  in  Carlton,  Sydney,  New  Soutb  Wales,  on 
12tb  February  1904,  in  bis  fifty-eigbtb  year.  He  became  a  Member 
of  tbis  Instituticn  in  IS'.Mi. 

Field  Marsbal  H.R.H.  Tbe  Doke  op  Cambbidge,  K.G.,  was  born 
on  2Ctb  Marcb  IS  19,  being  tbe  son  of  Adolpbus  Frederick,  tbe  first 
Duke  of  Cambridge.  His  liuyal  Higbness  was  tberefore  grandson 
of  George  III.,  and  first  cousin  of  Queen  Victoria,  and  oonso<]uently 
first  cousin  once  removed  of  His  Majesty  tbe  King.  Prince  George 
of  Cambridge,  as  be  was  called  in  bis  early  days,  began  bis 
military  carter  at  tbe  age  of  nine  yt-ars,  wben  be  received  from 
George  IV.,  as  King  of  Hanover,  tbe  patent  of  colonel  in  tbe 
Hanoverian  Army.  Notwitbstandiug  tbe  bigb  military  rank  tbus 
given,  be  subsetjueutly  did  duty  as  a  private  soldier  in  tbe  regiment. 
In  1837  be  entered  tbe  Britisb  Army  as  a  colonel  by  brevet,  and  in 
tbe  two  succeeding  years  was  attacbcd  to  tbe  stufT  at  Gibraltar.  He 
next  was  attacbed  to  tbe  12tb  Lancers,  and  did  duty  in  Ireland  for 
tbo  following  two  years.  Tbeu  be  was  transferred  to  tbe  17tb  Ligbt 
Dragoons,  taking  full  command,  and  in  tbis  capacity  be  bad  to  take 
»n  active  part  in  lb42  in  suppressing  tbo  riots  in  tbe  m&nofacturing 
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districts.  From  1813  to  18-45  he  served  as  Colonel  on  tlie  Staff  in 
the  Ionian  Islands,  and  in  the  latter  year  was  promoted  to  the  rank 
of  Major-Cleneral.  He  was  next  appointed  to  the  command  of  the 
Dublin  District,  which  he  retained  until  1852.  During  this  period 
he  succeeded — in  1850 — to  the  Dukedom  of  Cambridge.  From  1852 
to  1851  he  was  Inspector-General  of  Cavalry,  and  shortly  after  was 
appointed  Major-General  in  the  Crimean  Force,  and  on  19th  June 
in  the  same  year  was  promoted  to  the  rank  of  Lieutcnant-General, 
his  command  being  the  Guards  and  Highland  Brigades,  which 
formed  the  j&rst  division  of  the  expeditionary  force.  At  Alma  and 
Inkerman  the  first  division  were  in  the  thick  of  the  battles.  The 
Duke's  health  shortly  after  gave  way,  and  he  was  invalided  home. 
In  July  1856  Lord  Hardinge  resigned  the  command  of  the  British 
Army,  and  on  the  15th  of  the  month  His  Royal  Highness  succeeded 
to  that  office.  At  the  early  age  of  thirty-seven  he  assumed  the 
command  which  he  held  continuously  for  thirty-nine  years.  He 
was  promoted  to  the  rank  of  Field  Marshal  in  1862,  and  became 
Commander-in-Chief  in  1887.  In  October  1895  the  late  Duke  laid 
down  the  reins  of  office,  and  with  the  official  recognition  of  his  past 
services  by  the  Sovereign  in  the  appointment  to  the  Honorary 
Colonelcy  in  Chief  to  the  Forces,  His  Eoyal  Highness's  career  of 
fifty-eight  years  as  an  active  soldier  came  to  an  end. 

Apart  altogether  from  the  Army,  the  Duke  of  Cambridge  was 

indefatigable  in  public  work,  and  gave  his  name  and  time  to  many 
national  institutions.  lie  was  President  of  the  London  Hospital,  a 
Governor  of  King's  College,  and  from  1854  had  been  President  of 
Christ's  Hospital.  He  was  Ranger  of  St.  James's  Park,  the  Green 
Park,  Hyde  Park,  and  Richmond  Park.  The  Duke  of  Cambridge 
also  held  the  titles  of  Earl  of  Tijiperary  and  Baron  Culloden  ;  he 
was  a  Knight  of  the  Garter,  a  Privy  Councillor,  Knight  of  the  Order 
of  the  Thistle,  and  held  the  rank  of  Knight  Grand  Cross  in  the 
leading  Orders,  lie  was  also  D.C.L.  of  Oxford,  and  LL.D.  of 
Cambridge.  He  honoured  this  Institution  by  accepting  in  1892 
Honorary  Life  Membership,  to  which  the  Council  had  elected  him, 
and  on  two  occasions — 1892  and  1897 — had  attended  the  Anniversary 
Dinner,  replying   to    the    toast  of   "The   Queen's   Land   and   Sea^ 
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Foroei."  Latterly  bin  hualth  had  boou  failiug,  aud  hu  ileath  tuuk 
place  at  hiii  n^iiitlence,  (U()U(*68U<r  IIuum,  Park  Luui*.  Londuu,  uu 
iTth  March  1904,  withiu  a  few  «lay«  of  hiii  oighty-lifth  birthday. 

Chahlks  Cook  was  boru  at  Ballater,  AlH*rdeeuabiro,  on  22nd  July 
1863.  Ho  rooeWed  bis  education  ut  Iiullut<*r  Scbuol,  and  ('bau«Hiry 
Scbool,  Aberdeen.  In  1878  bu  commenced  an  appreuticesbip  in  the 
iron  foundry  and  t  n^jiuoering  works  of  Messrs.  Hall,  HutiJicll  and  Co., 
i>f  Alx'nlecu.  On  tljo  romidction  of  bis  time  in  IhS!,  bo  went  to 
sea  as  marine  engineer,  subsequently  receiving  a  first-class  engineer's 
certificate  from  tbo  lioanl  of  Trade.  In  1885  be  becaiuo  cbief 
tngineer, and  in  tbat  eajjacity  sailed  for  tbe  next  five  years  to  foreign 
jtarts,  tbe  last  tbree  years  being  spent  wbolly  on  tbe  Cbinesc  coast. 
In  18l>0  be  became  a  partner  and  director  in  tbe  firm  of  Messrs. 
Barry,  Henry  and  Co.,  Aberdeen  Iron  Foundry,  Aberdeen,  and  in 
1S'J3  proceeded  to  London  to  take  cbarge  of  tbut  agency.  His 
death  took  place  suddenly  at  bis  residence  at  Croaeh  End,  London, 
on  14tb  June  1903,  in  bis  fortieth  year.  He  became  a  Member  of 
this  Institution  in  189C. 

WiLUAM  CoopEB  was  bom  at  Easington,  Durham,  on  Slst 
December  18-43.  lu  1860  be  commenced  an  apprenticeship  of  two 
years  with  the  West  Hartlepool  Steam  Navigation  Co.,  and  served 
a  further  two  years  with  Messrs.  Pile,  Speuce  and  Co.,  of  West 
Hartlepool,  on  tbo  termination  of  which  hu  continued  with  the 
latter  firm  for  over  two  years  as  foreman  and  draughtsman.  In  18CG 
he  went  as  engineer  and  draughtsman  to  tbe  Iron,  Coal,  and  Harbour 
Works  at  Tondu  and  Portlicawl  for  Messrs.  John  BrogJeu  and  Sou^;, 
with  whom  bo  remained  until  1872  ;  be  was  then  engaged  by  Messrs. 
Edward  Shotton  and  Co.,  as  superintendent  of  various  ship  and 
machinery  work.  With  this  firm  be  stayed  until  1883,  and  then 
started  on  his  own  account  in  North  Shields  as  consulting  engineer 
and  marine  surveyor,  and  actvd  for  several  firms  on  the  Tyne  and 
in  Leith,  to  which  latter  place  in  1890  he  transferred  his  business. 
He  invented  an  improved  slide-valve  indicator.  His  death  took 
place  at  Leith  on  8tb  May  1904,  at  the  age  of  sixty.  He  became  a 
Member  of  this  Institution  in  1900. 

'J  u  2 
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Edward  Coward  was  boru  at  Stand,  Lancashire,  on  23rd  April 
1831.  After  being  educated  privately  and  at  Owens  College,  lie  entered 
the  works  of  Messrs.  Melland  and  Coward,  at  Heaton  Mersey  and 
Manchester,  spinners,  weavers,  dyers,  bleachers,  and  finishers.  On 
the  death  of  his  father,  he  succeeded  him  in  the  partnership  with  Mr. 
Melland.  In  local  affairs  he  was  the  only  chairman  of  the  Heaton 
Norris  Local  Board,  resigning  his  j^osition  on  the  conversion  of  the 
Local  Board  iuto  a  District  Council.  For  some  years  he  was 
chairman  of  the  Lancashire  Insurance  Co.,  until  its  absorption  in 
the  Koyal  Insurance  Co.,  and  was  also  chairman  of  the  Ebbw  Vale 
Steel,  Iron,  and  Coal  Co.  He  was  a  director  of  the  Great  Northern 
Eailway  Co.,  and  had  charge  of  erecting  the  Manchester  Goods 
Yard  in  Deansgate.  This  building  has  accommodation  for  over  400 
wagons,  and  there  is  stabling  for  130  horses.  His  death  took  place 
at  Eastbourne  on  10th  April  1904,  in  his  seventy-third  year.  He 
became  a  Member  of  this  Institution  in  1875;  and  was  also  a  Member 
of  the  Institution  of  Civil  Engineers. 

Charles  Merson  Davies  was  born  at  Newton  Longville, 
Buckinghamshire,  on  9th  November  1849,  being  the  second  son 
of  Mr.  Charles  Davies,  who  was  for  seventeen  years  an  engineer  on 
the  Great  Indian  Peninsula  Railway.  He  was  educated  principally 
at  Dollar  Academy,  Clackmannanshire,  from  1860  to  1867,  and  in 
the  latter  year  commenced  an  apprenticeshij)  with  Messrs.  Diibs 
and  Co.,  of  Glasgow.  Having  passed  through  the  various  shops  and 
the  drawing  office,  he  went  in  1871  as  an  improver  in  the  running 
shed  of  the  Caledonian  Eailway  at  Motherwell.  In  September  1873 
he  went  to  India  as  mechanical  engineer  to  Messrs.  T.  C.  Glover 
and  Co.,  contractors  for  the  construction  of  the  Eajputana  State 
Eailway  from  Agra  to  Nusserabad,  and  was  engaged  in  the  erection 
of  the  principal  iron  bridges  on  that  railway  until  1875,  when  he 
was  appointed  assistant  locomotive  superintendent  of  the  same 
railway.  In  1877  he  was  in  charge  of  the  pilot  engine  which  ran 
in  advance  of  H.R.H.  the  Prince  of  Wales'  train  from  Agra  to 
Jeypore.  He  next  became  locomotive,  carriage,  and  wagon 
superintendent  of  the  Holkar  and  Scindia-Neemuch  State  Eailway  in 
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1878,  and  officiatcl  in  the  saino  fnj»atity  f«»r  six  raontliH  in  1882  on 
the  lUjpuUiua  State  iJuilwuy.  Ho  tlun  tranKforred  Lin  senricea  t«» 
the  Nagpur  and  Chhattifiparh  State  Railway,  which  wa«  aflcrwardH 
dosipnato*!  the  Bengal -Xa^'imr  IJuihviiy.  In  18H'J  ho  viaited 
Australia  and  Tasmania,  and  resigned  his  appointment  in  India 
in  1891,  when  ho  took  up  the  poat  of  chief  engineer  to  Messre.  Duba 
and  Co.,  with  whom  he  remained  till  his  death.  Among  his  various 
invuntions  may  bo  nnmod  an  aj)pliancc  for  co^jling  railway  carriages, 
which  obUiincd  a  bronze  medal  at  the  Calcutta  Exhibition  in  1HH3  ; 
also  a  portable  drilling  machine  for  locomotive  boilers,  and  u  i)lur»l 
drilling  machine  for  the  sjimo  purp<.se,  which  was  fully  dc-Bcribed 
in  the  Troceeilings  1S94,  page  5:il,  by  Mr.  J.  W.  Hulse  during  the 
discussion  on  Mr.  Samuel  Dixon's  Paper  on  "  Drilling  Machines  for 
Cylindrical  Boiler  Shells."  In  1893  he  brought  out  a  quadruple 
tapping  machine  for  locomotive  fire-boxes,  which,  together  with  the 
drills  l)efore  mentioned,  is  in  daily  use  at  Messrs.  Dubs'  Works. 
Whilst  in  India  he  devoted  much  of  his  leisure  to  the  designing  and 
building  of  small  sailing  boats  fur  use  on  the  various  lakes  near 
which  he  was  stationed  ;  and  since  settling  in  Scotland  his  chief 
recreation  was  turning  in  ivory  and  African  black  wood,  in  which 
he  had  executed  some  elaborate  and  delicate  designs.  In  the  autumn 
of  1003  he  was  taken  ill,  and  after  great  suffering  and  undergoing 
an  operation,  he  gradually  sank,  his  death  taking  place  at  his 
residence  in  Pollokshields,  Glasgow,  on  I'Jth  Juno  1004,  in  his 
fifty-fifth  year.  He  became  a  Member  of  this  Institution  in  1880  ; 
and  he  was  also  a  Member  of  the  Institution  of  Engineers  and 
Shipbuilders  in  Scotland. 

Edward  John  Minks  Davies  was  born  at  Swansea  on  IJth 
February  18G1,  and  was  the  grandson  and  son  of  the  late  David 
Davies  and  Son,  proprietors  of  the  Cwmfelin  Tin  Plate  Works, 
near  Swansea.  He  received  his  theoretical  training  at  the 
University  College,  Bristol,  and  Owens  College,  Manchester,  and 
obtained  a  Whitworth  Scholarship  in  1881.  He  also  received  a 
Miller  prize  from  the  Institution  of  Civil  Engineers,  and  was 
Honours  Medallist  of  the  Science  and  Art  Department  and  City  and 
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Guilds  of  London  Institution.  From  1875  to  1880  he  served  his 
apprenticeship  at  the  Avonside  Engine  Works,  Bristol,  and  had 
since  been  with  many  leading  engineers  both  at  home  and  abroad, 
among  which  may  be  mentioned  Messrs.  Goodfellow,  of  Hyde,  near 
Manchester,  Messrs.  E.  Hornsby  and  Sons,  of  Grantham,  Messrs. 
Sulzer  Brothers,  of  Winterthur,  Switzerland,  The  Great  Eastern 
Eailway  Company,  Mr.  William  Shelford,  of  Great  George  Street, 
London,  and  was  at  the  time  of  his  death  engaged  by  the 
Underground  Electric  Railways  Co.,  of  London.  He  was  also  for 
some  years  lecturer  of  Mathematics  and  Engineering  at  the 
Gravesend  Technical  School,  Wandsworth  Technical  Institute,  and 
the  South  Tottenham  Polytechnic.  His  death  took  place  in  London 
from  enteric  typhoid  fever,  on  18  th  June  1904,  at  the  age  of  forty- 
three.     He  became  a  Member  of  this  Institution  in  1885. 

Frank  Douglas  was  born  in  Hackney,  London,  on  5  th  March 
1867.  He  was  educated  at  Croydon  High  School  and  at  the 
College  de  Marine,  Dieppe,  and  received  his  technical  education, 
in  conjunction  with  his  apprenticeship,  at  the  College  of  Science  and 
Art,  Glasgow.  In  1884  he  was  apprenticed  for  five  years  to  Messrs. 
Robert  Napier  and  Sons,  of  Glasgow,  and  on  its  termination  was 
employed  by  Mr.  I.  A.  Timmis,  of  Westminster,  on  the  installation 
of  electric  lighting  and  electric  brakes  on  the  railways  in  Russia. 
In  1891  ho  went  to  sea  as  a  marine  engineer  in  the  employ  of 
Messrs.  Lamport  and  Holt  and  the  Eastern  Telegraph  Co.  until 
1897,  when  he  obtained  the  chief  engineer's  certificate  of  the  Board 
of  Trade.  In  1898  he  was  appointed  resident  engineer  to  the  East 
Anglian  Ice  Co.,  at  Lowestoft,  superintending  the  erection  of  the 
whole  of ,  the  plant  and  buildings;  and  then  became  consulting 
engineer  to  the  Ramsgate  Pure  Ice  Co.,  and  refrigerating  engineer  to 
Messrs.  R.  A.  Lister  and  Co.,  and  also  managing  engineer  to  the 
London  and  Provincial  Ice  Co.  In  1903  he  was  oflfered  the  position 
of  engineer  and  general  manager  in  Africa  of  the  North  American 
and  African  Cold  Storage  Co.,  and  proceeded  to  Delagoa  Bay  to 
erect  the  first  store  in  that  country.  His  death  took  place  from 
an  aneurism,  while   on  the   voyage   home   from   South   Africa,   on 
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18th    April    r.tol,   ut    tlio   ugo   of    thirty-seven.     Ho    heoame  m 
Associate  Memher  of  this  Iiuititution  in  I'JO.'J. 

Chables  John  (Jalloway  wjus  boru  iii  Mttnchester  on  '2')th  April 
1833.  He  served  his  ai)j)routice8hip  from  184G  to  1851  with  his 
father  ami  uncle,  Messrs.  W.  ami  J.  (Julloway,  of  Knott  Mill  Iron 
Works,  ^lanchcster  ;  and  hecanie  a  i)artner  in  the  firm  in  185C.  On 
its  conversion  into  a  company  in  1889  ho  was  elected  chairman,  a 
position  which  he  occupied  up  to  the  time  of  his  death.  During  his 
career  he  superintended  the  erection  of  the  Furncss  Railway  Viaduct 
over  the  Ulvcrston  Sands,  also  tho  erection  of  Southport  Tier,  and 
devoted  much  time  and  attention  to  the  development  and  improvement 
of  the  Galloway  boiler.  Ho  took  great  interest  in  the  International 
Exhibition  of  Paris  in  187H,  and  for  his  services  in  connection 
therewith  he  was  made  a  Chevalier  of  tho  Legion  of  Honour ;  and  on 
the  occasion  of  the  Exhibition  in  1889  he  was  promoted  to  the  rank 
of  Officer  of  the  same  Order.  Ho  was  also  vice-chairman  of  the 
Manchester  Jubilee  Exhibition  of  1887.  He  held  numerous 
directorships  in  various  industrial  companies,  including  that  of  the 
Manchester  Ship  Canal,  and  he  was  chairman  of  the  Vulcan 
Insurance  Co.  lie  was  a  Justice  of  the  Peace  for  tho  City  of 
Manchester,  and  for  the  County  of  Cheshire.  His  death  took  placo 
suddenly  at  his  residence  in  Knutsfcrd,  on  13th  March  1904,  in  his 
seventy-first  year.    He  became  a  Member  of  this  Institution  in  18GG. 

William  Augustus  Gouman  was  born  at  Limerick  on  6th  October 
1835,  being  a  son  of  the  late  Captain  Gorman,  of  Limerick.  He 
received  his  engineering  training  in  tho  works  of  his  uncle,  Mr. 
Siebe,  at  Westminster  Bridge  Road,  London,  and  also  in  Mr,  Scott 
Russell's  Works  at  Millwall.  His  career  has  been  identified  with 
that  of  the  well-known  lirm  uf  Messi*s.  Siebe,  Gorman  and  Co. — 
established  by  the  late  Mr.  Augustus  Siebe  in  1820 — in  which  he 
Wcame  a  partner  in  1870.  In  addition  to  tho  diving  and  submarine 
engineering  work,  his  firm  started  in  1855  the  construction  of  ice- 
making  and  refrigerating  machinery,  which  was  then  considered  a 
great  novelty,  and  fitted  up  the  steamers  '•  Fifeshire,"  '•  Morayshire," 
and  "  Xaimshire,"  for  the  New  Zealand  meat  trade.     This  particular 
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branch  of  tlie  business  was  however  given  up  some  years  ago.  lie 
devised  many  improvements  in  diving  apparatus  as  well  as  in 
ice-making  machinery,  and  his  firm  have  been  awarded  numerous 
medals,  including  a  gold  medal  at  the  International  Fisheries 
Exhibition  in  1888,  and  two  gold  medals  at  the  International  Health 
Exhibition  in  1884.  In  addition  to  the  invention  of  a  diver's 
speaking  apparatus,  Mr.  Gorman  successfully  introduced  the  telephone 
attached  to  the  diver's  helmet,  the  conducting  wire  being  inlaid  in 
the  signal  line.  Besides  submarine  electric  lamps,  rock-boring 
apparatus,  etc.,  his  firm  also  construct  air-locks  for  cylinder  sinking, 
and  air-lock  bells  for  use  in  making  and  levelling  foundations  and 
for  the  removal  of  rock.  In  1882  he  read  a  Paper  before  this 
Institution  on  "  Improved  Appliances  for  Working  under  Water  or 
in  Irrespirable  Gases  "  (Proceedings,  page  179) ;  and  took  part  in 
discussions  both  on  that  subject  and  on  "  Eefrigerating  Machinery." 
His  death  took  place  at  his  residence  in  South  Kensington,  London, 
on  4th  February  1904,  at  the  age  of  sixty-eight.  He  became  a 
Member  of  this  Institution  in  1879. 

Joseph  Benkett  Howell  was  born  in  Swansea  on  19th  February 
1818.  When  a  young  man  he  went  to  Sheffield,  and  was  in  the 
employ  of  more  than  one  firm  now  extinct.  Subsequently  he  became 
associated  with  Messrs.  Naylor,  Vickers  and  Co.  (now  Messrs. 
Vickers  Sons  and  Maxim),  whom  he  represented  with  much  success 
for  a  number  of  years.  Eelinquishing  that  position,  he  commenced 
business  on  his  own  account,  as  steel  and  file  manufacturer.  By  Lis 
inventive  genius  and  special  knowledge  of  steel  making,  he  speedily 
gained  a  wide  reputation  for  improvements  in  the  manufacture  of 
steel,  and  attained  a  prominent  position  in  the  steel  trade.  At  the 
Exhibition  of  1862  he  received  the  only  medal  awarded  for  excellent 
quality  of  cast  steel,  and  for  rolls  made  of  cast  steel.  Before  the 
days  of  the  Bessemer  and  the  Siemens  -  Martin  processes,  he 
manufactured  crucible  mild  cast-steel,  and  was  the  first  to  make  steel 
ingots  of  heavy  weights.  He  originated  the  application  of  such 
steel  for  constructive  purposes.  This  new  steel  was  called 
"  Homogeneous  Metal,"  and  the  first  boiler  made  of  steel,  and  the 
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first  Ktccl  Ik  at  muil. ,  \v(  re  const rucktl  of  this  inct*l.  Tliis  Ixmt,  tlio 
■'  Mil  liolKTt,  "  wiiH  built  l>y  l^IiKsrH.  Liiinln,  of  Hirkculuajl,  for  tlie 
U80  of  Dr.  Livingstono  on  tlio  ZambeHJ  llivcr,  Central  Afrini.  Ho 
constructeil  and  tiTctctl  in  1SG7  the  Htcel  cliainH  of  the  SuKiK.niiiou 
Bridge  over  the  Moldau  iit  Pniguc,  theso  being  the  first  ntetl  chainH 
nsed  fur  a  bridge  of  this  kind.  His  inventions  were  both  numerous 
and  varied,  and  lie  uasthe  first  to  apjdy  mild  steel  tjtho  mannfucturo 
of  loconiotivL'  boiler  tubes.  In  IHGS  he  found*  d  the  Brotik  Stocd 
and  Flic  Works,  Sliefticld.  The  success  attendant  upon  the  invention 
of  mild  steel  for  boiler  tubes  ultimately  led  to  the  establishment 
of  a  separate  department  for  the  manufacture  of  steel  tubes,  and 
in  conjunction  with  his  son  Mr.  S.  Earnshaw  Howtdl  (also  a 
Member  of  tho  Institution),  he  established  the  Slieffield  TuIkj 
Works  at  Wincobank,  near  Sheffield.  They  were  subsequently 
amalgamated  with  tlje  Brook  Steel  and  File  Works,  and  formed 
into  a  private  company,  of  which  ho  was  the  chairman  until  his 
death,  wliich  took  place  at  his  residence  in  Leamington  on  4th  Juno 
1904,  at  the  age  of  eighty-six.  He  became  a  Member  of  this 
Institution  in  18G1  ;  and  was  also  a  Member  of  the  Society  of  Arts, 
and  of  the  Institution  of  Naval  Architects. 

Henut  Authuu  LivocK  was  born  on  27th  March  18G2.  After 
being  educated  at  a  private  school  in  Liverpool,  ho  was  apprenticed 
in  1878  to  Messrs.  Higginbottom  and  Stuart,  engineers,  of  Liverpool, 
passing  through  the  various  shops  and  drawing  office.  In  1884 
lie  became  a  draughtsman  in  the  locomotive  department  of  the 
Lancashire  and  Yorkshire  Kailway.  and  in  18H6  was  appointed 
locomotive  superintendent  of  tho  Buenos  Aires  and  Great  Southern 
Bail  way,  which  position  he  held  until  1800.  From  that  year 
until  I'JOO  he  was  partner  in  the  firm  of  Evans,  Livock  and  Co , 
of  Buenos  Aires  and  London,  representatives  in  South  America 
for  Messrs.  Kitson  and  Co.,  tho  Monkbridgo  Iron  and  Steel  Co., 
the  Vacuum  Brake  Co.,  etc.  Subseijucntly  he  was  in  business 
as  an  engineer  in  London,  as  managing  director  of  tho  London 
Engineering  Co.,  and  Monarch  Door  Controller  Co.  When  on 
business  in  the  Argentine  Republic,  in  the  course  of  his  travols 
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up  tlie  rivers  he  caught  typhoid  fever,  which  developed  itself  ou  the 
passage  home.  By  the  time  the  steamer  reached  Southampton  his 
conditiou  was  regarded  as  very  serious  and  he  was  moved  to  tho 
isolation  hospital,  where  his  death  took  place  on  the  following  day, 
9th  February  1904,  in  his  forty-second  year.  He  became  a  Member 
of  this  Institution  in  1903. 

CoRXELius  MoLeod  Percy  was  born  at  Newmains,  Lanarkshire, 
on  30th  July  1846.  At  the  age  of  seven  he  went  with  his  parents 
to  settle  in  England,  and  received  his  education  at  the  public  schools 
in  connection  with  the  works  of  Earl  Granville  at  Cobridge,  North 
Staffordshire,  and  of  the  New  British  Iron  Co.,  at  Congreaves,  in 
South  Staffordshire*.  In  1860  he  was  apprenticed  with  the  latter 
company,  and  his  apprenticeship  was  continued  and  completed  with 
the  Wigan  Coal  and  Iron  Co.  Subsequently  he  held  various  and 
important  positions  in  the  engineering  department  of  this  company, 
remaining  with  them  until  1882,  when  he  commenced  practije  in 
Wigan  as  a  consulting  engineer.  He  was  connected  during  the 
greater  part  of  his  life  with  the  Mining  and  Technical  School,  which 
he  entered  as  a  student  in  1862.  On  the  death  of  the  master,  he  was 
appointed  at  the  age  of  twenty-one  as  joint  lecturer  with  the  late 
Mr.  Ealph  Betley.  When  the  Wigan  Mining  School  Committee,  the 
County  Borough  Council,  and  the  Lancashire  County  Council  agreed 
to  maintain  and  manage  the  school,  he  was  appointed  principal,  and 
occupied  that  position  until  his  death.  A  strong  advocate  of  the 
cause  of  technical  education,  he  delivered  valuable  lectures  in 
different  parts  of  the  country,  and  these  led  to  the  establishment  of 
technical  classes  in  those  places.  He  displayed  great  activity  in 
connection  with  the  erection  of  a  new  college  in  commemoration  of 
the  Diamond  Jubilee,  and  his  illustrated  lectures  there  attracted 
large  numbers  of  students.  He  wrote  extensively  for  various  mining 
journals  both  at  home  and  abroad,  and  was  for  some  years  editor  of 
"  The  Science  and  Art  of  Mining."  During  that  period  he  preimred 
a  number  of  small  books  for  the  use  of  mining  students,  and  was 
engaged  on  re-writing  "  The  Mechanical  Engineering  of  Collieries  " 
at  the  time  that  his  health  broke  down.     He  was  a  member  of  tho 
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AVi{,'an  Towu  Council  for  Mjvoral  yeuni ;  anil  IiikI  bo«Q  m  caodidaU) 
for  Parliamout  on  two  oocmIodh.  Uin  health  for  koiuo  timo  had 
boen  in  a  very  uniiHtisfactory  HtaU-,  when  ho  waa  ailriatnl  to  take  A 
Toyago  tt)  Australia  und  Now  Ztalund.  Ho  roturntxl  homo  howover 
without  having'  dorivod  any  boucfit  from  tho  change,  and  hiit  d..ath 
ensued  on  lUth  Juno  19(13,  in  his  fifty-Bovouth  year.  Ho  becamo  a 
Meml)tr  of  this  Institution  in  1H74  ;  and  wjuj  also  a  Member  of  the 
lubtitution  of  Mining  Engineers. 

RoHEKT  CoK.NKLics  Qvis  was  bom  in  London  on  4th  February 
18G5,aud  was  educat<?d  at  a  public  elementary  school.  From  lSH-2  U, 
1889  ho  wiia  a  pupil  of,  and  afterwards  general  assistant  to,  Mr.  J.  N. 
Schoolbretl,  and  during  this  time  he  was  connected  with  tho  electric 
lighting  of  the  construction  works  of  the  Forth  Bridge,  tho  Calne 
Villugo  water  supj.ly,  tho  Wark worth  Harbour  Works,  iVc.  In  IhhG 
he  secured  his  first  appointment  in  tho  Electricity  Department  of 
the  r  adford  Corporation,  and  in  1891  was  appointed  chief  assistant 
of  tho  Brighton  Corporation  Electricity  Works,  carrying  out  ext4_UKivc 
alterations  and  additions.  In  1896  he  became  electrical  and  tramway 
engineer  of  Black])ool,  during  which  time  ho  was  responsible  for  tho 
conversion  of  the  old  conduit  line — the  first  of  its  kind  in  the 
country— to  tho  overhead  trolley  system.  Ho  was  also  consulting 
electrical  and  tramway  engineer  to  the  West  Bromwich  Town 
Council.  In  January  1904  ho  was  at  Tamney,  Co.  Donegal,  with 
several  engineering  friends,  engaged  in  surveying  a  qimrry,  and 
while  standing  on  the  pier  a  tidal  wave  swept  in  and  washed  him 
into  the  tea.  An  attempt  to  rescue  him  was  unsuccessful,  but  his 
IhkIv  was  subsequently  recovered  and  brought  back  to  London.  His 
death  took  place  on  11th  January  1'J04,  in  his  thirty-ninth  year. 
He  became  a  Member  of  this  Institution  in  1800. 

Beidcma.v  BrssELL  was  born  in  London  on  l8th  February  18C.1, 
•nd  was  educated  at  Vale  College,  Bumsgate,  from  1871  to  ls77.  In 
the  latter  year  he  was  articled  to  Messrs.  Rosser  and  Hussell,  heating 
and  Ventilating  engineers,  of  Charing  Cross  und  Hammeremitlj,  and 
passed  through  tho  shops  and  drawing-office.     On   the  termination 
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of  his  apprenticesliip  in  1881,  lie  continued  with  the  same  firm  as 
draughtsman,  and  had  charge  of  various  works  until  1885.  He  was 
then  appointed  manager  of  the  engineering  department  of  Messrs. 
Comyn  Ching  and  Co.,  of  London,  with  whom  he  remained  until 
1889,  when  he  started  business  on  his  own  account  as  Messrs. 
Eussell  and  Co.,  Berwick  Street,  London.  Since  that  time  he  has 
carried  out  throughout  the  country  various  works  of  water  supplies, 
heating,  ventilation,  and  sanitation  arrangements,  and  designed  and 
manufactured  a  small  lift  and  force  pump.  His  death  took  place  at 
Boscombe  on  20th  January  1904,  in  his  forty-first  year.  He  was 
elected  an  Associate  Member  of  this  Institution  in  1898,  and  was 
transferred  to  full  Membership  in  1900. 

Walter  Henry  Wilson,  until  1902  one  of  the  principals  of 
Messrs.  Harland  and  Wolff,  Belfast,  was  born  in  Belfast  on  4th 
November  1839.  After  finishing  his  education  at  Chester  College, 
he  adopted  naval  architecture  and  engineering  as  his  profession,  and 
entered  the  works  of  Messrs.  Hickson  and  Co.,  iron  shipbuilders, 
Belfast,  as  an  apprentice  in  1857.  Messrs.  Hickson's  yard  was  the 
forerunner  of  the  present  world-famed  Queen's  Island  establishment 
of  Messrs.  Harland  and  Wolff,  with  which  Mr.  Wilson  was  connected 
during  his  professional  career,  and  of  which  he  became  a  partner  in 
1874.  He  showed  great  industry  and  remarkable  talents  as  an 
apprentice  and  subsequently  an  ofiicial,  and  later  still,  a  principal  in 
the  firm,  and  became  one  of  the  most  capable  exponents  in  the  art  of 
shipbuilding  and  engineering.  As  a  draughtsman  and  designer  he 
had  few  eq[uals,  and  nearly  every  department  of  the  works,  as  well  as 
the  vessels  constructed  by  the  firm,  bore  evidence  of  his  mechanical 
genius.  He  was  possessed  of  great  inventive  capacity,  and  many  of 
the  appliances  brought  out  by  him  have  been  eminently  successful. 
The  following  are  some  of  the  principal  mechanical  improvements 
and  developments  he  was  responsible  for  : — Improvements  in  cabins 
by  which  staterooms  were  rendered  more  comfortable  by  an  ingenious 
arrangement  of  the  berths ;  invention  of  a  steering  gear  in  which 
springs  were  applied  to  the  arms,  spokes,  or  other  parts  of  the  tiller, 
yoke,  or  quadrant,  thus  creating   an   elastic   medium  between  the 


Aruii.  11K)I.  UEMOIlif.  515 

rudder  head  uinl  tiio  hti-Dring  clmiiiH,  uud  pcnuiliin;^  the  chainii  to  bti 
always  ke])t  equally  tight,  whih-  ttlli>wing  thu  rudder  to  yield  to 
Boverti  Bhocks  or  strains.  A  socuud  patent  uf  his,  tiikeu  out  iu  1890, 
for  iuiproTemunts  in  tho  structure  and  urrun^^euient  of  steam  steering- 
gear  developed  and  perfoetetl  this  j)riueiple  for  mininiiKiug  by  means 
of  stoel  springs  the  etVect  of  the  shocks  uud  struius  to  which  the 
rudder  of  a  ship  is  subjected.  A  uotablu  feature  in  the  later  gear 
was  the  placing  of  the  engine  immediately  l»esido  the  tilhr  with  u 
worm  on  crank-shaft  driving  u  wheel  on  a  vertical  intermediate  shaft, 
the  shaft  carrying  a  spur  pinion  driving  a  spur  wheel  tiller  i>ecured 
to  the  rudder  bead  through  an  elastic  medium  consisting  of  flat  or 
spiral  steel  springs:.  In  this  gear  «»ne  of  the  great  advantages  is 
the  dispensing  with  the  chains  formerly  required,  and  the  engine  can 
bo  drawn  completely  out  of  gear  with  the  tiller  or  quadrant  when  it 
is  rotjuired  to  steer  the  ship  by  band  steering.  This  imjiroved 
steering-gear,  as  invented  and  worked  out  by  him  in  1890,  is  generally 
considered  to-day  to  be  one  of  the  best,  safest,  and  most  reliable 
available,  and  has  not  only  been  fitted  in  all  vessels  of  Messrs. 
Harland  and  Wolff's  build  since  that  date,  but  has  been  adopted  in 
many  others  by  owners  and  builders  both  British  and  foreign. 

Many  other  inventions,  also,  were  the  creation  of  his  brain 
and  unremitting  energy,  including  a  combined  square  deck-house 
sidelight  and  ventilator  ;  boat  disengaging  gear  ;  improvements  in 
ships'  watertight  doors ;  and  improvements  iu  ships  and  other 
structures  of  metal  j'hites  riveted  together — an  impix)ved  form  of 
connection  for  the  transverse  joiuto  of  shell  and  other  jdated 
structures,  commonly  known  as  ''  Harland  and  Wolff's  scar]>hed  or 
lapped  butts."  Amongst  other  improvements  introduced  by  Mr. 
Wilson,  or  for  which  he  was  chiefly  responsible,  is  the  structui-al 
arrangement  of  the  stern  of  vessels  for  carrying  the  shaft  within  the 
hull  instead  of  the  old-fashioned  brackets  outside,  and  he  also 
conceived  the  idea  of  the  single-plate  rudder  now  almost  universally 
adopted  in  large  steamers,  instead  of  the  old  arrangement  which  gave 
so  much  trouble.  lie  avoided  publi  'y  in  every  way,  but  was 
persuaded  at  the  beginning  of  1904  to  become  President  of  the 
Belfast  Chamber  of  Commerce,  a  position  he  held  at  the  time  of  his 
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deatli.  He  was  also  a  member  of  the  Nortlieru  Counties  Committee 
of  the  Midland  Kailway.  On  the  occasion  of  the  Summer  Meeting 
of  this  Institution  in  Belfast  in  1896  he  was  chairman  of  the 
Eceeption  Committee,  and  rendered  great  service  in  connection  with 
the  various  arrangements  for  the  visit.  His  death  took  place  suddenly 
in  the  train  between  Kilrea  and  Portrush  on  14th  May  1904,  in  his 
sixty-fifth  year.  He  became  a  Member  of  this  Institution  in  1888  ; 
and  was  also  a  Member  of  the  Institution  of  Civil  Engineers,  and  of 
the  Institution  of  Naval  Architects. 
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(ill  Kciiw.\Rii,  ti.  J.,  Hfiuurkit  on  C'oinpoiiiul  Lrx-ouuitiM*  in  Fruuce,  40<J,  111. 

CtAitK,  H..  eli-cUd  Member,  :J19. 

CoATES,  A.,  eleetetl  Member,  U. 

(  ocuiiANK.  C.  Portrait.     Sn-  Fronti.*i»iee«  to  I'urt  '_'. 

CucuRAXE.  (apt.  T.  11..  li.E  ,  ile«ted  Member,  MV. 

COLLEY,  It.  W.,  elected  (Jnuluate,  'A'll. 

CoMPOVND  Locomotives  in  Fbaxle,  Paper  by  K.  Sauvage,327.— Stientific  tosls: 
{jrint  Jovelopmcnt  of  1-cylinder  eoiu|)OundB,  :!2>i.— Table  bhowiug 
btiitistics  of  loeomotivea  witli  two  driviug  axles,  32H  ;  with  three  driving 
axles.  'i'M;  with  four  driviug  axles,  .'131. — Dimensiona  of  4-cylinder 
"Atlantic"  coiii|>oubds,  332. — Schotlule  of  "  Noid-Expre>g"  traiu,  :;;{4  ; 
reiiiarkii  on  itit  riiuuiu*;,  ::3.*i.— Detail*  of  ruiiH  from  Paris  to  St.  gijeutin, 
33G-7. — Schedule  of  Calais-Paris  trains.  .l^S  :;10. — .Sclu-duleof  Paris-Arras 
train,  342  -4.— Indit-ator  diagrams,  346-7.— Dimenhions  of  Wetteru  Bailiray 
locomotives,  348. — Comparative  working  of  compound  and  ordinary 
locomotives,  349-350. — Four-cylinder  eompouiula  with  three-<-oupled 
axles,  351  4. — Dimen&ions  of  Western  Railway  compounds,  :i55-(j ;  i-oaland 
water  consumption,  358  3ljl. — Dimension.s  of  Eastern  Railway  lot*omotive!>, 
302;  of  tank  locomotives  for  Ceinture  Railway,  ;'G3. — Four-cylinder 
comi>ounds  with  four-coupled  axles,  304  5. — Valve-fieare  for  compounds, 
'Ml ;  large  diameter  of  steam-pii>e  to  bigli-pressuru  cylinders,  3tS. — 
Starting  devices.  309. — Setting  of  cranks  ;  superheati-d  steum,  370. — Some 
details  of  construction:  reversing  gear;  piston-valves;  blust-pipe,  371; 
oiling    mechanism ;    sand-blast,    372. — Opinions  of    French    lo<x>motlvo 

BUi>erintendents :  Du  Ruusquet,  372  ;  Baudry  ;  Mofl're ;  Salomon,  37.'i. 

A Jvantai^'cs  of  compjunds.  37«i ;  ei-onomical  for  long  runs,  378. 

Ditcu*fiun. — Sauvage,  E.,  EflSciency  of  "Atlantic"  engine,  :t80 ; 
locomotives  for  mineral  traffic ;  new  compounds  on  Paris-OrK-.tns  Railway. 
381 :  indicator  diagrams,  382-5.— Wickstoed,  J.  II.,  Thanks  to  author, 
38C. — Glehn,  A.  G.  de.  Four-cylinder  engines;  heavy  American  engines, 
3^7  ;  complicated  nature  uf  compounds ;  balancing,  3h8 ;  valve-gear,  389 ; 
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dimensions  of  various  compoiinds  in  France,  390-1  ;  arrangement  of 
cylinders  and  starting  valvo,  092  ;  importance  of  easy  and  rapid  starting, 
S93 ;  steam  distribution,  liigli-pressure  cylinders,  894-5 ;  low-pressure 
cylinders,  39G-7. — Robinson,  J.  F.,  Successful  working  of  compounds ; 
diameter  of  wheel,  398 ;  size  of  grate ;  steam-tightness  of  long  tubes ; 
manganese  bronze  plates,  399. — Churchward,  G.  J.,  Tests  of  compound 
and  simple  cylinder  'engines ;  improved  valve-gear,  400 ;  cut-oflf,  401 ; 
relative  coal-consumptions,  402;  trains  of  same  weight  but  different 
length  ;  division  of  engine  ;  boiler  troubles  with  compounds,  403. — Smith, 
\V.  M.,  Compounds  wasteful  with  light  weights,  404 ;  results  from  a 
Midland  Railway  compound,  405. — Pendred,  V.,  Piloting  on  L.  and  N.  W. 
Railway ;  range  of  springs,  408 ;  advantages  of  small  and  large-wheeled 
engines ;  internal  resistance  of  locomotives ;  locomotives  running  light 
at  high  speeds,  409 ;  draw-bar  pull ;  unsatisfactory  results  from  large 
cylinder  with  small  boilers,  410. — Smith,  J.  W.,  Reason  for  adoption  of 
compounds,  410;  indicator  diagrams  from  h. -p.  cylinders  at  high  speeds, 
411;  train-resistance  per  ton,  412;  advantages  of  4-cylinder  compounds, 
413;  heavy  condensation  in  l.-p.  cylinders,  414. — Laurent,  M.,  Compounds 
successful  on  heavy  gradients,  414 ;  increased  weight  of  trains ;  length  of 
fire-boxes,  415. 

"Wicksteed,  J.  H.,  Communications  from  locomotive  superintendents, 
416. — Ivatt,  H.  A.,  Compounding  on  Great  Southern  and  Western  Railway 
of  Ireland,  417  ;  comparison  of  draw-bar  pull  of  two  engines,  418;  factors 
affecting  internal  resistance  ;  formula  for  calculating  draw-bar  pull,  420  ; 
effect  of  size  of  cylinders,  421 ;  economical  driving,  422. — Whale,  G., 
Simple  express  4-coupled  bogie  engine,  422  ;  indicator  diagrams  therefrom, 
423  ;  and  results,  424-5  ;  results  from  4-cylinder  compound  between  Crewe 
and  Stafford,  426-7. — Pendred,  V.,  Power  required  to  diive  engine  alone, 
428;  tests  on  L.  and  S.  W.  Railway;  effect  of  size  of  driving  wheels, 
429;  diagrams,  430-3;  resistance  of  engine  i^er  ton  greater  than  of  train, 
434. — Sisterson,  G.  R.,  Difficulty  of  obtaining  suitable  line  for  tests,  434  ; 
description  of  diagrams,  435 ;  long  cut-off  and  irregular  pounding  action 
of  piston  with  compounds;  compounds  on  Midland  Railway,  430  ;  cause 
of  high  power  required  to  drive  engine  alone,  437. — Rous-Marten,  C, 
Running  of  an  "  Atlantic  "  engine,  439  ;  advantages  of  compound  engines, 
440. — Lea,  H.,  Economical  driving,  441. — Halpin,  D.,  Play  in  valve 
spindles;  measurement  of  heating  surface,  442;  size  of  ports;  size  of 
steam-pipes,  443 ;  length  of  grate ;  economy  of  locomotives,  444. — Sauvage, 
E.,  Diameter  of  wheels,  445 ;  length  of  grate  and  efficient  stoking ;  leaky 
tubes,  446;  measurement  of  heating  surface;  comparison  of  simple  and 
compound  engines  on  Great  Western  Railway;  experimental  works  at 
Swindon,  447 ;  draw-bar  pull,  448 ;  dynamometer  record  on  Paris-Orle'ans 
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lUiUay,  H'J  ;  boilor  prruurea  :  tuniing  moment,  45<) ;  eX|ierimeuU  with 
tnuQS  uf  varioiu  wi-icliU  :  •{M'tnl  TKriftlion*.  ITiI  ;  improved  French  tnin 
•enrico,  452 ;  impurUiux)  of  thort  cut-off  at  high  uteed :  pUy  of  Talro 
►I'iiulU',  4.'>3  ;  lurjje  tlfamijce  utoeamry ;  u"      i  i  — 

W  I. ■ksUi'^l,  J.  II.,  Thunks  for  rajier,  435.— :  i.^ier 

Miiilitml  rom|HJunthi.  455:  »<lvauU(7(ffl  ubunocul,  4 J7 ;  «ie«rri|>tiun  of 
hoavj  train,  4^;  achcduU'  of  ditailed  wurkinf^,  459;  (^^radtentji  on 
Lundoti  to  Leicester  line,  4*>0  — Mallft,  A.,  Previoiut  I'aper  on  ComiiouDJiof;: 
gn-ftt  incn-aws  in  niiiulH-r  uf  ciom|>oundit,  4G<i ;  early  tyi>o  of  FrvD<h 
comiMiund.  4GI  ;  inlen-cpting  valru  and  inJt  i>eDdvnt  revcndng  pear,  4G2  : 
adoption  of  aupcrheutc-d  ati>um.  4G:(.— Marriott,  W.,  Um  of  mild  tteel  for 
boilers,  463. — Twinbi-rrow,  .1.  D  ,  Features  of  French  practif* ;  bracint;  of 
frames,  403;  progreu  of  oompouadiug  retarded  by  fuulty  startiug  gear, 
464  ;  rererstDg  genr,  4C5  ;  firu-bux  troubles,  400. — S«aT«ge,  E.,  Steel  and 
iron  plates ;  dimensions  of  steam-ports,  400. 

Cook,  C,  Memoir,  505. 

COOPKB,  W.,  ilemoir,  505. 

CocLTOM,  I.  B.,  electixi  Associate  Member,  320. 

Coi'HCiL,  Aii5i'AL  ReroHT,  217.— Honours,  217. — \umber  of  Members,  4c.,  217. 
—Deceases,  218.— Financial  statement,  21t»,  224-7— Research,  220.— 
Donations  to  Library.  221,  228-240.— Leeds  Summer  Meeting,  221.— 
Meeting's,  Papers,  221.  —  Graduates'  Meetings  and  Papers,  222. — 
Engineering  Standards  Committee,  222. — Visit  to  Americii,  223. 
W'icksteed,  J.  II.,  Motion  for  adoption  of  Report,  241. 

CotTtaLfor  1904,242. 

CocNCU.,  Retiring  Lii>t,  and  Kominations  for  1904,  1.— Election,  241. 

CocBTS,  W.  C,  elected  Associate  Member,  3. 

CowABD,  E.,  Memoir,  500. 

Cowpbb's  Extemsometeb,  497. 

Cox,  K.  R.  W.,  elected  Associate  Member.  ."14. 

CBorr,  F.,  elected  Associate  Member.  314. 

Cbteb,  J.  W.,  elected  Graduate,  310. 

CcssiNGHAM,  P.  D.  G.,  elected  Associate  Member,  3. 

DalTviS,  W.  T.,  elected  Associate  Member,  3. 
Daxiel,  W.  II.,  elected  Associate  Member,  320. 
Daties,  C.  M.,  Memoir,  500. 
Daties,  E.  J.  M.,  Memoir,  507. 
DAVits,  S.,  elected  Member,  2. 
Deistleb's  Extenbometes,  41*8. 
De!CMA!(,  J.  P.,  elected  (iraduate,  310. 
DiitaEB,  Annirersarr,  322. 
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DoBSON,  B.  p.,  elected  Associate  IMember,  314. 

Don,  J.,  elected  Associate  Member,  314. 

Douglas,  C.  E.,  elected  Associate  Member,  320. 

DorGLAS,  F.,  Memoir,  508. 

Dow,  H.  P.,  elected  Associate  Member,  320. 

Dronsfield,  J.,  Associate  Member  transferred  to  Member,  322. 

Druky,  H.  W.  v.,  elected  Associate  Member,  3. 

DUPrY'S  EXTENSOMETER,  497. 

Eager,  J.,  elected  Member,  314. 

Eastwood,  W.,  elected  Member,  319. 

Edward,  F.,  elected  Associate  Member,  320. 

Election,  Council,  241.— Members,  2,  314,  319. 

Ellington,  E.  B.,  re-elected  Vice-President,  241. 

Ellington,  N.  B.,  elected  Graduate,  321. 

Ellis,  J.,  .Tun.,  elected  Associate  Member,  320. 

Engert,  F.  p.,  elected  Graduate,  316. 

Engholm,  F.  G.,  elected  Graduate,  316. 

Epton,  W.  M.,  Associate  Member  transferred  to  Member,  322. 

Evans,  M.  T.,  elected  Associate  Member,  314. 

Everington,  C.  G.,  elected  Graduate,  316. 

Ewing's  Extensometers,  495,  501. 

EXTENS03IETERS,  469.    See  Measurement  of  Strains. 

Farniiam,  "W.  A.,  elected  Associate  Member,  320. 

Feeny,  C.  J.,  elected  Graduate,  3. 

Fletcher,  D.  C,  elected  Graduate,  3. 

Forsyth,  R.  J.,  elected  Associate  Member,  314. 

Forsyth,  W.,  elected  Associate  Member,  314. 

Fox,  H.  S.,  Associate  IMember  transferred  to  Member,  31G. 

Fradley,  H.  T.,  elected  Associate  Member,  315. 

French  Compound  Locomotives,  327.     See  Compound  Locomotives  in  Fiance. 

Fry,  lit.  Hon.  Sir  E.,  Eemarks  at  Institution  Dinner,  325. 

FoENESS,  K.  L.,  elected  Associate  Member,  3. 

Galloway,  C.  J.,  ]\IemoIr,  509. 

Garratt's  Extensometer,  494. 

Gase  i  IN  Pipes,  Measurement  of  Velocity,  245.    See  Velocity  of  Gases  in  Pipes. 

Gauges  for  determining  Velocity  of  Gases,  245.    See  Velocity  of  Gases  in  Pipes. 

Gavey,  a.,  elected  Associate  Member,  315. 

Gill,  C.  E.,  elected  Associate  IMember,  315. 

Gilling,  a.  H.,  Associate  Member  tran.sferrcd  to  Member,  316. 
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(iiitLiN<i,  ii   r  ,  ( t<  ritsi  Ab^oomU)  MetuUr,  .u... 

<ii.AZE»Kc»  .K.  Dr.  1{.  T..  UimurUiiU  All-ya  lU-aetHi,  lO'J  :— on  Vtlocitjr  of  Omm 

in  ViyMi,  TJl. 
Glejix.  a.  (J.  UK,  Itemarks  on  Coinjtjuutl  l^oootuotiveii  in  France,  :ihT. 
OoODACiiE.  W.  (i  .  electeil  Aaaociutu  Member,  IMi. 
(io<>i>UKiiei(E.  V. . « ItoU-U  AeuMMrintu  Moiubvr,  :I20. 

(itiOliMAN'S  KXTK\S.'MKTEIl,  481. 

(lOitixtir,  W.  It.,  electttl  (iniduate,  'Ml. 

(iOBMAN,  W.  A.,  BfiMuoir,  50l>. 

GowLANU,  W.,  Sixth  Jiejitiit  to  the  Alloyi  KeBoarcli  ('ouui»iU<T,  7.-R<-in*rk* 

tluni.n,  '.t2.  UJ.  17:t. 
(iRAH.\M,  11.  U.,  Aasooiiit*  Membt-r  transferre*!  to  McuiUt,  Itltl. 
GuAKGK,  II.  B.,  t'K<cted  MemUT,  2. 
GR£t.is«iN°,  11.  P..  eli>cted  Aj>»«iute  Monilx-r,  320. 
(iRiKKlTiis,  1{.  S..  ekxrtetl  A&toc-iatc  MeniU-r,  :t20. 
GiYATT,  D.  .1.,  rU-oted  Asaociate  Member,  VrUK 

II ADEN-.  W.  \.,  elected  Member,  3H. 

1Iai>kiki.i>,  R.  A.,  Remarks  on  Alloys  Research,  US. 

Hall,  S.,  tlecttd  Associate  Member,  3'10. 

IIali-in,  D.,  seconded  appiintmeut  of  Auditor,  21L>. — Remarks  on  Componni! 

Locomotives  in  France,  4-12. 
Haxbury,  H.  W.,  electeil  Associate  3Iember,  .'521 1. 
Hakiioro.  F.  W..  Remarks  on  Alloys  Research,  1»7,  1:57. 
IIabdcasti.e,  E.,  Associiile  Member  tninnfi-rred  to  Meinlicr,  4. 
IIabpex,  G.  F.  St.  C,  elected  Associate  Member,  3Jtt. 
Hakkis,  a.  K.,  elected  Graduate.  X 
IIabuis,  J.  E.,  elected  Graduate,  31G. 
Hauri^  S.  E.,  elected  A68«wiate  Member,  :*.. 
IIabt,  H.  A.,  elected  Associate  Member,  :!20. 
Hartig's  Extessometek,  490. 
Henmng's  Extens  isietek.s489,  4t»2,  497. 
Henry,  II.  D.,  elected  Member,  319. 
He^jketh,  T.,  elected  Associate  Member,  31.">. 
IIevs,  E.,  Remarks  on  Alloys  Uesearcli,  l.'>7. 
HoBHoisE,  Rt.  Hon.  H.,  Ml'.,  Remarks  at  Institution  Dinner.  "24 
HiiDGso.v,  H.  (.".,  tkcled  (Jraduate,  321. 
HuDGikfN-STEVEXS,  A.  R.,  elected  Graduate,  316. 
Hollows,  A.,  elected  Associate  Member,  3. 
IIiKiKiiAM,  J.  A.,  elected  Member,  314. 
IIoi-Kissos,  Dr.  E.,  re-elected  Member  of  Council,  211. 
Hdwki.l,  .1.  B..  Memoir,  510. 
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HowLDEx,  E.  F.,  elected  Member,  314. 

Hughes,  W.  C,  elected  Graduate,  316. 

Humphrey,  F.  G.,  elected  Associate  Member,  3. 

Hunt,  H.,  Associate  Member  transferred  to  Member,  316. 

HussEY,  F.  K.  E.,  elected  Associate  Member,  315. 

Institution  Dinnke,  322. 

Iron  Castings,  203.     See  Malleable  Iron  Castings. 

IvATT,  H.  A.,  re-elected  Member  of  Council,  241. — Kemarks  on  Compound 
Locomotives  in  France,  416. 

January  Meetings,  1904,  Business,  1,5. 

Jenny's  Extensometer,  495. 

Johnson,  S.  W.,  Kemarks  on  Compound  Locomotives  in  France,  455. 

Johnston,  C.  M.,  Associate  Member  transferred  to  Member,  316. 

Jordan,  A.  E.,  elected  Associate  Member,  3. 

Keay,  J.,  elected  Member,  319. 

Kendall,  A.  H.,  elected  Graduate,  3. 

Kennedy,  Dr.  A.  B.  W.,  Remarks  at  Institution  Dinner,  324. 

Kennedy's  Extensometer,  484. 

Kenyon,  G.  C,  elected  Associate  Member,  320. 

Kerk,  W.  S.,  elected  Associate  Member,  3. 

Kirsch's  Extensometer,  489. 

Kitchen,  J.,  elected  Associate  Member,  320. 

Kitchin,  W.  a.,  elected  Associate  Member,  315. 

Knowles,  J.  W.,  elected  Member,  314. 

Lake,  H.  B.,  elected  Associate  Member,  315. 

Langdon,  H.  a.  W.,  elected  Associate  Member,  315. 

Langley,  G.,  elected  Associate  Member,  3. 

Laurent,  M.,  Eemarks  on  Compound  Locomotives  in  France,  414. 

Law,  H.  C,  elected  Graduate,  316. 

Lawes,  G.  E.,  elected  IMember,  319. 

Lea,  H.,  Eemarks  on  Velocity  of  Gases  in  Pipes,  305  : — on  Compound  Locomotives 

in  France,  441. 
Leber,  J.  H.,  elected  Associate  Member,  315. 
Le  Chatelier,  H.,  Eemarks  on  Alloys  Research,  92. 
Le  Chatelier's  Extensometer,  497. 
Ledebur,  a.,  Eemarks  on  Alloys  Eesearch,  158. 
Lewis,  W.  Y.,  elected  Associate  Member,  815. 
LiGHTFOOT,  C,  Eemarks  on  Alloys  Eesearch,  159. 
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LisiiMAN,  J.  J.,  iliotcil  AMSiKiatc  Mciuber,  IJir». 

Lit  ILK,  J.,  ole<'lc*l  MoiuIkt.  :ilit. 

LivooK,  11.  A.,  Mciudir,  .Md. 

Li-OTU,  (J.  \V.,  tkctetl  CJriithmto,  ">\6. 

Lloyu,  W.  E.,  elected  (Iraduute,  321. 

LocoMOTivKS  IS  FRANcr,  t'oini>omul,  327.  See  ComiJOund  I/x-omoiives  iu  Krain.'c. 

Like,  U.  M.,  elccte<l  AsBOriuU*  Mtinber,  320. 

MacC'allim,  a.  II.,  ilccti'd  (inidiiato,  316. 

MacIvor.  a..  ABsaciute  Member  transferred  to  Member,  317. 

Mackeszik,  a.  D..  elected  Assotiato  Member,  315. 

Mai'Kkssack,  H.,  elected  Aaaociat*  Member,  3ir». 

Mali.eai;le  Irom  Castings,  Appeiulix  II  to  Alloys  Report,  by  C.  O.  Bttiinifltcr, 
203. — Process  of  manufdcture,  2ii3;  moditicattons  of  pro<'e88;  fumii<-en, 
204  ;  changes  in  com})ositiun  durinf?  manuracture,  205  ;  anulysea,  2o0. — 
Theory  of  process,  207. 

Mallet,  A.,  Remarks  on  Compound  Locomotives  in  France,  4C0. 

Malthovbe,  J.  W.,  elected  Graduate,  321. 

Manet'3  Estexsdmeter.  4'.t8. 

Maxisty,  II.  S.,  elected  Graduate,  3. 

Mansfield,  F.,  elected  Associate  Member,  315. 

Majccel,  C,  elected  Associate  Member,  320. 

March  Meetint.,  Business,  31:!. 

Markiott.  W..  Remarks  on  Comj)ound  Locomotires  in  France,  4G3. 

Marshall,  A.  E.,  elected  Graduate,  321. 

Marshall,  H.  D.,  re-elected  Member  of  Council,  24 L 

Marshall,  R.,  elected  Associate  Member,  320. 

Marshall's  Extessometeu,  492. 

Marten,  H.  B.,  Graduate  transferred  to  Associate  Member,  317. 

Mabteks'  Extexsometers,  4S4,  488,  490,  499. 

Martin,  P.,  elected  Associate  Member,  320. 

Mattulws,  W.  E.,  elected  Associate  Member,  315. 

Maw,  R.  L.,  elected  Absociate  Member,  315. 

McCallcm,  E.  A.,  elected  Associate  Member,  3. 

McClvbe,  J.  R.,  elected  Associate  Member,  315. 

McDermott,  H.,electe<l  Associate  Member,  315. 

McLean,  A.  M.,  elected  Associate  Member,  3. 

McLean,  R.  A.,  re-appointed  to  audit  Institution  accounts,  213. 

McMahos,  p.  v.,  elected  Member,  319. 

Meabcreuent  of  Strains,  Paper  on  the  Measurement  of  direct  Strains  in 
Tensile  and  Compressive  Test-l'iecx's,  by  J.  Morrow.  4G9.— Mirror  form  of 
extensometer ;    possible   errors    in    observation,    4G9. — Latest    type    of 
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instrument,  470  ;  determination  of  maguificatiou,  472  ;  testing  instrument 
by  extension  of  steel  bar ;  kiuematical  investigation,  473  ;  diagrammatic 
form  of  extensometer,  474. — General  arrangement  of  apparatus,  476. — 
Adaption  to  measurement  of  compressive  strains,  477. — Descriptions  of 
instruments;  magnitude  of  changes  and  limits  of  measurement;  errors 
in  producing  required  strains,  470. — Conditions  affecting  accuracy  of 
instruments,  480. — Mecbanical  magnification  :  Kennedy's,  Martens'  lever, 
Stromeyer's,  Goodman's  extensometers,  484  ;  Buckton's,  485  ;  Ashcroft's, 
Bauschinger's,  487;  Martens',  488;  Kiisch's,  Henning's,  489. — Single- 
3rirror  apparatus:  Unwin's,  Hart ig's,  Martens',  490. — Measurement  ■with 
little  magnification ;  extensometers  with  micrometer  screws ;  Kiehle''s 
instrument;  Henning's  micrometer  :  Marshall's  extensometer,  492  ;  Yale, 
Unwin's,  Garratt's,  494. —  Cathetometers,  494.  —  Jenny's  apparatus; 
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Clay's;  Martens'  mirror  for  crushing  tests,  499. — Apparatus  for  short 
blocks:  Martens',  Unwin's,  499  ;  Ewing's,  501. 
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i 


ArniL  1904.  indkx.  531 

ToBV.  A.  I.,  olivti.il  (ira^limli-,  :t21. 

TnAN8KKitEKCBri  uf  Autooiuto  Muiubcrs,  &o.,i,  'MG,  [1'12. 

Tt'K.NEit,  T.,  Rcnmrka  on  Allovi  Rcseuroh,  loO. 

TcKNEit.  W.  W.,  fleotoJ  ABsociuto  Moujbcr,  It. 

TwiNBKiiKow.  J.  1).,  Remarks  on  (.'oini>>uml  Locomotives  in  Franco,  4C1. 

Unwiv,  \V.  C.  Keniarks  on  AUoya  Research.  ICI  "On  Velo.jty  of  (iiige*  io 

I'ipes,  300. 
I'nWIN's  EXTEXSOMETKIIS,  490,  104,  190. 

Valve  Okars  for  Compound  Locomotives,  GtlT. 

Velocity  op  Gasks  in  TirES,  Paper  on  the  ^fotion  of  Gasea  in  ri|>e8,  and  the 
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for  ascertiiniug  pressure  in  Pitot  tube,  240. — Measurement  of  diflVrenee 
of  level  of  two  liquids,  25L — Experiments  with  extreme  types  of  Pilot 
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Description  of  apparatus  for  measuring  difference  of  level  of  two  liquids, 
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532  INDEX.  Al'UiL  1!104, 
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Fig.  32.     Sinttnifi  Valvt  on  top  of  L.  P.  LylinJer. 

IV,  Receiver  E«h. 
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